


























Cib .V ■ ii b.\ua Jc ^Obdlj 3X-J1 j jj~- 

. Axjj 4*^ -V. s-f j jjj^Uall All Jcj (jjbu^aJl tjjiilj ebilSfl jbLij 


ejJJ—S\ jl ) jCaln-a Jj ^SjLuJI Jblja ^ . :a> J Cl Ja jjlj (_^U4 

« ^ y— ^ tJlLaJJ 4jbn, JliU ^Hxllnjl fji jLaj (jjl! 4 iyt nII 

,j_H! bUl CiU jill 4*1L £ J] j Uu fkit 2 jUL ^1 JSi, (jiil UUI 

* 

(J_l^S jjiui jfl 4 -iaIxI! A_jl^_i31 J (jjii j 4il Jsj Clij Cj. L- .c- 

4 ..uSirtll S_)a (JjV J»JJ jl\ 4 -L aL» . ]l £nl j^J! (ja A AC. JJ j o^Ja£jj) Albujl 
(Jj'fl -A y ^ Ltl l <_iSJI 4an^)bi] (JjfuJi (_£A$J t-J^> J] 4a».La. J bila. jalii 
4__ji Cl ..\i1 <_jaA lift Ia^J ,..£)jut jOb J AjAaJI jJxaj (_jill 

. jQA&yi £_a o j . mia j 4i^u 4iJ J 4ju%Vl CibjjAll J £ab^ail qa CiLajIg-nft 

(b*vl ifl J] 4-ajl»a]i Ji«aJ Ja. <_sb£]! Cbjln^a ypaxj J 4j.% U.hjail (JlSCiVb 

. JjjiJj J (_£aLe 1I Jajllj (_slUaJlj 

Cll^CaJ! 4c.jjia_a jjft (_^ibj l_sljfa Cijg.il ' * (.-lljS.il ji jCa Iaj All 

(j__iuCa jb_A jbU 5—aliall Cil j CaJij (Juixll (Jaj jjc. jLajb lg.ji Cijbil Jilj 

,(jj' mH <—tVl j£^~ .Vi {J- . >»«.)! (Jail q\jji^\ a^ia. (jt .(_S_)a.Vl 4*alill C)1 jCaJl 

3_lljjil y)jyjju«aa]l $.LaA3 Cun. jjAill Ala ( J J,„.i1 (Jnj 4ll_pj 

J_aill (jlSj [jjia]! yjA Aojl^LujJ L^Ln. Ajjiji C_4^I Ala (JabB 

^laAill (j-Ujj^-Lall jjit jj . btsa QA AjAC ( ^1c (Alii jgJb Cun. Cl baAlaH An.1 

A_A>J^ali qa i_iSij-all ^ ^Ab^in. (jjllij Clan. Jnjli (Jlj ^lc IjiaS- qa (Jjl 

* 

(J. aft 1- a^ ,o_)A j-Jl Clbblll f \jj bnj ojaISII ^In. (_£jnjl Jj 

J >«»11 ^ b - V i] (jl Jc. (_jA*jl jil jjnll 4 n jl 5L a Jc ^LuaSII yyjjjuxail 

.(J^L.-iall 4_cbj-a _ jSj Jjaj3 ^JUil (jIaIj jji JiS J ^ ■_■•-;* jU JSCj 

^_j 4 n-ila. JJjS Ani [Jjjb t_JAA jU jVl ^jSij y}ij1 jcV JniU alAnlmj (JlClJ 
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Oijot’i.rJi (j-a ajJC-j (JaJ “UaA! jA3 (jjSjAj ^ Ua j .^vaUlt A^)tJ! 

CjIa 4^SU1!j (Jaj-aLajill ^tii! ^ (jjal.ijuVla . Lc-^jj LaS ^Lijyl SaLj 

_ilil' 4 jUS >AC- (jjs C " S- 1 " (jj t_5 C '^1 t^jAatiijyij ^JyAjll 

(jjA_J! jik tail! —AjaII qa * i Ajj I jli j 3U 4.->~ l i\a!l ^<alj*!l qa AjAxJI lilliA (jt j^J_J 

_JJ_.llallj f'Lallj ^Ljjllj ^£>L*xJl CjISjSA (j-jl JJ Vj= CiIjI aaI a ^ ■ j-il t_sAxii V 

o*l iS Jj-al—iaJl iil—S j JJ_SI (j-A cj| j>«-•*-!> jl V) J! .. .Cj\ jjUallj JuSliiJlj 

Jj_ Ot j^J oA^jaII CjLjVjll J A^jjj .4-Laftl jliSVl CjIj>>i-iM ^j-o j 

j)l jA —a!j f * J-=>A (J-U-Ait-X-.-JI ^Aja ^ifjj jSjI ^jAo 1 • (jA L_lJj La L&aJ 

1-JJj-ojl JjSj (Jj > rf-iK nil t*l!j jlV (JAJ Cj! JjAxll J& L$--S-j < lLl J AaI*J 

j—A JJ —^—Hj}a 11 (j —a £*Ij ilj j__JjS]lj JIajjaI! (JJllj Jaallj 

t_i—jjillj JSj_}4—^ tJ—J-a I&jjAj (JajjoJ (jll til! 

Cj'_ Q\ 1-a£ till_jliill Jd AaisJ U*IaC ll'.fi jjl (jA 

Jj 4ci_jJj (Jja CLi\ j^i-JLi ^j3ij i _ '!!-■" CjLJ^jSj jja tguia ^jV-lJV 1 CA^aIaj 

l!)L jUi (jA Jill tlijjll jjAj (jA ^jVwj Cijjjllj (jjAAll (jA jjj£ (jl UAibk. 
j Sjiol! £-1-jjyi JJ LS^$i ^j-^l~iil (ji ^-k-ilj Vi ‘.'T'JU 

j\ (jA (_Ji3 >!l (jiao <^15 aj £tA«u2 (Jj*A>La-all 

(j V 4——liAia* 4 jjj 11 hi-kj l UauI ^Ia ^ejSIjII j . jLiyj UlyJ'lA J2p- (JAaia 

3 JjjiuiaA. ^y> f ilUll Aj jia ^ja ^jja>jjjjjll ^a->'*i OljJA^lL tliUl^lill 

:4aJUS <_iUA«bU £sS1aS 4>Ajli. 4_uifel jJjaxI! [Jaj Jjaj _J^ill (3fAi IaSj 5jjo11 

.^jjUill jlajVl g-ljji jA ^-i!j (JAa J=ki51 jj jj — \ 

Ia^ _1 4-JjUj jIjaImjL ^jjL j!a jVl (JA qJ*a jj (J-^:1l jjjj LaAic — Y 

Fidelity l 5 e-lijll ji {jAa^Li.yij s jaUsH (_jj»jj 4_i^lia ajSal 

jja _ij tlil_jlli (jjj ^11111 t_ljAa. JSj iiAala. ^-<u3 4l (il jLaII IaA L&>aj 

■t^ 31 





j! V] ■, 1 (IjS jll j Jail! jijcl i. jjiSjl L£iaJ! (J5j (jS^j —T 

• l^La jjjuasJl i 

\ cj^h ill ^J tfc a — 1 

Ai& j \ O (jC- aji^yaJl J3j LoAiC J5^]l JJ £ jjaJl qC ( fc SLi J 

* a _ a di aj jjjH diljUill j ^jli 1a] aIalLSi] 

0 

.Ig.'kjtl'i ^gi I Jjjil (Jajll ^oLaU V <— ajj^\ 

.'l %jjj ty^B 'Jk jj3s 8.^*iiiu^ j^lall (jlS IjJ — <_j 

l_ aa <■ jji-t'..,^U Jj. a\I l U-.|| ii]jjj plijJb bile, ilibbj Ala <_jjS3b 

- (Jj 1 all li& ^rlijj JJJ)J 

■ “'N *) llili j\ —&j1 t5lbj3 (Jaall ^J^b ^ J3 jbi jVi (_pa*j i_u£jj "—a 
a (jj£j jjlll ^jJl Ale. lil 2JjjJa 2_u^ijj jl oJc-1131 "’'•*■■* •" 

dlb_i& Ja abt Q —jal.vjJ . (J—..vil' (JjUlLa JAC ^Tjxa*U O^il Ja) 0 -lC-ljj 

jj Ajiaxj lfl jS*J (Jjautll (Jaj i'ilj,/^.U ^ ^ j_ki Zr.jny * 

l ajj U. ^gk jl j)\& jVl !_jjl (j^ag.i ^U3 Jail) 

,2jjjj3 2 ^ jlft jVl ^IjSSj jl Jjnobti jjbo 4all^ 

jj_ 2 .,,1 <bjbiaJI llllaiL&H jjjVl (JDLa. <—jbSJV 

b-ia.jlJ <—llj jiaJI (j_& (jiajatj JjVl ^-ibli (Jg'imjS .^Jiljjll o-ibj 

JaJ 2 CAalLaS (Jail! (jc. jjSI j tjjbll i_ib!5 

_Id ‘b&bua.l 2aija-a (jb«J ^^jJ! ell!Jabbi 

2_i5jxd jjjL _±»J jjjll (j-a jjuSj bjajjSll (Jajj (Jiabll Jajj (Juutil Jaa 

2 ji Xj (J_aj3i q <~- tllbajLtdll i_iljpbl ^ (jl ellAama j ,2jbjijj 

^iialb-Jj 4jjj*-a31 (Jaalt a_u£ ^ 2a.lia jjc CiLojLta (j^J jl& jVi (jiijil 
1 ■ >ij i 2a.lxa ^jjc. i_jb£Jl i^^bubLa ^ibj (_J ja.V^ (Jaall ^1 _jj\ ^jc. aaLd^babl ^ib 
t nN ^ -^V' <Si\ j>ti-vti cblbJ! ^j AjjjaJl 2jaSa<JI ^ ^ 
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<~s * C - 


jijji 


j* vM' (jj jL> j^' ^ 


_iai ^lll j L_)li£ll lift l.j '/nil (JIiLujLlaII jL) JuSUl! jig-all j-« Ij^j 


j _ A Lllljlaill Lilli ^.a-J ji ‘"’I- ’-»* ^jij£ jaj j^ dll_pa3 (jLcl a^a JjV AjJJJilL 

j-a JiSjJ 33 I gWl £-ija!jlall <—il^^ll lift ^jliII lift jj-a 4jJji-a jSLalj CjU jLu/i 
^ » m I jL«J llS lil Lg-i jiLal&yi ‘Liaftlj Jgj_aLa-ail a-iljj (j-j Llil-^slall 4 -iaA 1 Jii-l 

is—a >-*-« ts-j u'— s *2^' ^=-jj (^ uA'j £^V' (^ *4; j t^J 

ji__ft j^U 3 .. ~s^1oH CjI( jc jti! j ■ ^-*'-^' lil ■*'!(Jlljl jjll l"~ iljlj>, ia*l.U 
J —a jL. —J ^AjiCj jilLn^j lAj lilLaJ Jllai Jiaxll Jij yJc IjTliillc. jSjl ^jillj 
jl J 1 —mal l J-allj jiLiVl sift (_ji aLjl (jJJ Jjmaj jl JaLiill 1-igJ j>Lalft^/l 

ClL^ILall L-ajl JjLm (jl J]j s-i®* (3 jIui (j-lj Jl •> -"11 li* ^gla-lll JaLilll £JijJ 

l3_ft lllLajls-a lIi! jis3 L_uljl ^ LilliJ jj£l ji ji-ji . J^iixll Jaj L_sjli (_5 ji.^1 
Jl-a-all lift fji ( jJ^iLjI I ^l^Vlj (jLuJI ‘*'*- Jl 4li^al^al 4 j 3 La (^j <—jllSl! 

-UlgJl £ya L lila> ^2 (Jftft-all ^g-aUI <_jS^ll AiaJiLal 

* * ft 

A 1»>J J (jj-a ALIIj jlj ...jijjSil Lmalliw lift ^.La Jurwl jl <ull (Jluilj 

La 4 -ia 3*Jj1 ■ V a JSlj L. ' . "\ . ' H j ^-Ig 1 1 l >11 Igl 1 a| 1 gat. y\ t JLaa^l ^1 1 ■ ^ ^3 

_ J - *-* ; J^ ^jj lij.t«j V jl (jiLel 4jLkijj . ..frLij l_LiSj ^Llu 

. JJ^a. AjL^ybj 


!jll 

iS^’^' (• I jj *^*3 


^4 « 


Jajw 

IpI jjil US' _ oi jiS -1 

4j jvUSLj*il i)Lab>- 





CjLulU jjISIIS 3^3 t >_jUJI 

Insects and plant reproductive biology 


aV. ...iHj A_cljjil (JWaj aII tiljJjj Lin j Ualfjjl dlHUb dll ji*~tll .lajjjj 

dll j ,^-.'1 jjJa—i-J dl_lj £aj .djljLil) joa (jjjjal! jiij jjdaJl dlliA.) Li jji 

oja lull j Ida. 4 yi .iq' aU j dll Vil M jV 1 ,d'lSLdll j-a jAS ^-a A ■ -Ji. Aiail 

ciil—jljillj insect pollinators 4 jj—A iJi diLalLll jjj (^311 

A—ic 2 _JA till J —liaJlj dll-jLlill <jia jaaS jjlu (_jll JaLjjjyi 1 i& J&Luij .SjA jail 

dlVl a. 11 j—4 ja_j£ (_g._3j . jjjfi. ja=»-all i! jjl jjj -diXuailLj Ajvuii. oAUe diliJlfi 

^_iiiii diLiiii (jadaj 4 a£jLjj diLllj <_n£ljj L*_a A Viiljail dlLjljjJlj dll jiurtll dljjla 

4_4-403 (ji V] A_J. 4 . W 1 1 J._ IVlll 4 - ^ jjl AjuLa dlUVl dlij IaUAJj L-4j.ti-.llj 

1 —dlnll ( _ J C-jill jjiLtuSil jakjj l^^lTi ( _ 5 all dll jd~vll j djfcluii oii jjijj .aAjIa AjLulSI 

, LjjL^kj 

0 jfcjoJf OGUf$ o! j5 kJ :V 5 ! 

Coevolution of insects and flowering plants 

jj jl a Y • « (j<a jaSV dljiduilj dliiJ Ajjjlaj AjLiC. dl jdadl A1-....1 jj (dlljljjll ^jSIj 

dll j_daJl jl A Ij4-Jl d£L> mil AjI^J L_ij2 jil ^Siiu l—lljaU) Adu! 

A_j J_Skijii cM jjaj ^jjjSH ji^xJl ejSSjj Sija.j4 dlil£ A d 

f -> ~j jl_£ lj—£fa dljj-la ls j11 SjA jail diljljill Lujj .jLa jVi Ajdj i_lAI jj 

A ;« . s< dul£ L—J jATkll dlij ijla .^LjlLi (Jljj (jjll j j jll AijiaJl ^liill <_ ijli 4.U ,.4 ji 

■ dl_3jll liA jji dlljdaJl (jjlic. jii-aaS AioIa joi jjSj iSj dlljdaJl 4 U. 'ji ^^-sl l 

• 

JvUa^i) UjJa^c (jlij 

J -jB cd_Jij 3ijLs anthers diljLuil t5 lc 

dl^liL-il (*ll_ dliill oiA Ajikjj jV I jliij .aJ LjjjL j iifc ji.1 diLii ^II ^11111 t. ij<-. 
Ja_ ida lii Askji .^ll jll (jil jdxll AiSkjoll o^liS jlS VeCtOfS ^lilll i—ijisi 
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(Jl aiiyi j—a ^—Jllil! -9 atUS jtSl oJjJci. ClLdl ^-aTil CjtjLill jjj£ 

^l_—a] <—jji^ (jjjSaj Cl* 'ia. Lajj 4 ajjI! i-l$J ojlaaJl } .£-iIU1 (-JjJaJ (_yjJaj*Il 

ijj _=J jl—a jV Jaijj CjI jCij! > _ J lc. 4-lij Jg..ni CaljitaJL (j». n*ii j <=»j! 

(Jg—u: i — 2 i jlll c )~^ —ja- jj$J=^ L^ji ji ^jjjuj stigmas ^ m l j* 4> Cj j^-la 

Cl!_ jji£ jlj_j] (_J-a jU jVl Cll.}j cillj Axj J,~u<-i/i£ Ijjlf. J j > /vsi l CjIJ i t i -i . il 


Cil jit-ill ^j-i . t i sjjj <jlc- (J-aC' li*j (nectar (j^jll) jliall jL* (JiLui £j j »m 

i*i .Ur jLajVij ^jljj jj^-ii CjS jll (jJii ^ Lujj ctlli t _ y fc» . jla jS?l o jLj! 

CjI j it^Ji Ci— r i. Hii l CjI_ gj\ eia jjj !-■ ^aj Ciljit=Jl jl& jS/l c i<i>j S-sL j u^ 

4_ UjC jljli CiSjll j*-o jiAjVl CiAuuS! CjUVI ojjj j/LiiLijJj . jla jbU 4^>l& C. i i j i. aLi 

_^ all II_Jj .5Jjg 111,1 I^jjJ Jl L~ilj.t-.il ^ />.'* 3 - jJai-Vl Cjllill jc Cjila Jt jj-I - I Cjlj 

3 wail L«j3 4„i nl -i CdjA%I) CjL£jLaj j..--. c.lCaC.1 ^^3 j jiu CjI jjiill oii> (jslji 

.pi 3x11 Jc. 3 j i i~i* i- l il t" lU i <-il! dJ1*i Jaij Jc 3iiUll Sj-lsil j £Ljij jilJ jljftfl sill jjJj 


(_g J u-nl l (_£3-all ^ jl-Laiyi jC- jljfcii (J Jitall ctll jJ^I > oVi-ij _ Laj^C 

^ in JaliiCijj^Sll ui. — jM I j > naSfl t*il jj-H »! -v~ J_all] < fc i j-- _i (jaalill 

CjI— a.jj! cil jjI Cilj_i taJ l 3j3—s (i3=. jya ^jlbj .electromagnetic spectrum 
(J ~V 1 ji —aAJ .^J—Liji jx^aSVl 4 Aa.i.ni'ij 11 4 jutSfl (JJJ 'jJl p .1 jaaJl ^lijiall 

l -11 j-" 1 -“U j-i ll la . jLuuyi ^^3 Lan ji'l jljl^ (J JliiSn t_il j.t-.i l jji jjj£ Lajjj (JjaixJI 

— (m|i 1 0 •~° * • ) J-CaiSfl _ jii-aVl :L .falill (ja ^jialia 'bujV oji^ 

jjjl ititVlj (mp. f A.- mu o..— £A*) jiir-iVl 

LS J —i V J-(J*-* l-aajj tiuuJl (Jau jl j a aft jlUj (mp 1 • * — V • * J 4jA.i,ii4a,i 

i_s—>11 jl* jVl ja jJa LjjjIj UajI jl Lujc. juJ <jla ( _ s SiH jataS’I *. ajliil 

jl—A jVli .1^—1 4 j— uiAj jll CjI— riSLiSl jA j-. <11 j (jlj jii-i l jjl Cjlj CjI j .t-.1 1 1 
(J^-“4 l 5~^.5^-J — J^A.i jl aUj3j *1 ji>-a jljll Cllj U.iliJ aifii ^ 4 j1-v a ll 

1—aIjj P oppy -11 jU ji c5-a (ulall jAuaVl jjlll olj jUjVl Lujj 4^1 Jj] lLcII 

4j« -iiiSfl ja 0 jJlS CjLloS jlAj^l oj* jl Jl ^?-jJ i^ll j J (-JAuJlj -lit 3 j-s ill 

— *1 > (j—L11 J— a^Vl j j - 11 1 t—lli jIa 3^1 phut — (J j^l 4 jjxL ja ,4j^i ..iili j jill 
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.ii—li 1——i Sjj hummingbirds 3—iiuJ jj 4jua\A jjJs’L 

.el 4^.^aJl (J1 (Jm 3j. .-iAil 4 .nl ni*> 4jjjj Cjlj (jl 

Cl—ii (jjJlj OliLjO UbL*1 ^3j el ja=JI jl» jS/l {j-o <C rt <jl jA liA eljjlmyij 

.Jjjl!! lift (_5 jj l^j} t-jjbajJ Cn/il ^jOii ililjBcJI qa JjIs (ju tgi! 



db—iJ' 4*-wVl (jl_$$ (j5 jAu 

4—Lwa Ultraviolet colors ^-vA 

.Cllj—*i=JL jjjll CAjUjI] 4-alft 

^ . *MI ebelc. i _LilSl jB 

i3j — ill (j'^1 6-* ls^ 

Cl, -:*ij jLjiipU jo& 4a=wiii 

djl_ jUBI jjji ^jjll Cil jBhBl 4ru/.al 

4 \ll .ml jl 6_>5 .UtI 

44*uVl ej^Jal (jA.ua. 

—J jl-a jS?l ij-s jAS OJ$Ia 

_jj _SI I_<uj 4iilau JaLajlj j\ 4j| Ja. 

4. -xili'ill JaLuSh i»AA (jLa . bij. 

1 r - c3—^ u —4ll J 4 nmTvUll 

nectar guides ^5—jA cAjA$_j 

(ji J.~L » ^ ^ (jS .a^ 

Jj-uM Ji ^ l^A a lu C j 

,4jj*u (jjiakjllj 


tjj-al^e Vjfctad' f (1) :(^ JSO) 

jf iy»jl! ^pii ijyfi (Y) .jit lAtjj US' 4>jlP 

^!|j ill iJjaJI ej^jall 2_lU-y ij^olSo 

. JSLiJt ii4 3 jJJ-i taijj Jh 





4_ guL_Vl dl-ALa 03 jo < b^alaJl aAA (jl jj 

IJ^ 2 - *1 ■* Ala. —jg.t.ij (jj__ill (jiajll jl (Ji2 j-a dlj^j jj ji^jjl l 

(Jl£__»ilj IaIjj j^^jJIj jIaj^U dil jd-Jl Sjbj ^.ja>Vi 2jA&i jjSI jj£j Lajjj 

£ a dil >£i (jj—A.Vl dil Luollj 2 jj& jl! jlj_1^1 jl £»dalj ■ j^-i IaIjj V 

li__jA ^1 La iSimll iaLljjyi lilA Laid jlj 2j jiLaJI d l Lu i L m^ yi J jLu 

■ ajia^ll ol JJ La 


u—a dl'JDUJI (j-a £ml J (_Jia dltliillj dll jmaJl jaLuAI jjlalll j& gdi jSI 

U—2 <-jJ-Lull jm J£d ^1 (jjjjll JaLtijy» ^gJj 2_dbj*ll SjLjil j* j;Ue.ja^Jl 

dil——till j* J dl Igja ^lj obligate symbiosis c_£ j4=-J ASbUli 

dll j l—Sill 4jil jj (JLa tolj*vIl Almalja ^5 LsLaj jkV I (^Ic- S j d~w il j 

. AaJ LajJ LaAjSj ^jLujj ^lll jiiill 


J _ ajj (JfaL— ill (J, —A . i j (jjijiiyi (Jadi! ^ 2jaa 1 ji&VI 2jjd»Ji dll - > <1 al l 

Jja-nl _:ua jIa jV IgJjLl j (J>tn (Jajll i-O^id (j jdVl dl jdaJ! j* Jiia . (Jamil 

jl_Sl£Jl jl_& jlj CjL-Jill (jia_ *jj (jaijpll (jLa^ a i'll 5^al& Igjl j A p L mdA l 

f _utaJb i_sl£ Jim l^i3 <—iii-l dl jdaJl <dli3 (jlo LajaO j$Jj (TheobfOITl CaCdO 

j ^ JilA (Jaijj dliliill dl jmaJI oIa SjLlj *Lil LaJjj Ajjjjda 4 -i£jLo JaLail j 
( jill (Jajll <—O-i (jlc-j — tilli ajDlc .^jjiUaII j^JI 4j.LjiV| ja £“11111 L-ljta. 

■n'i (_SJ-i.Vl diljdvJl ^-lAg-a ajliaml t_il5 ^_lc- (Jjwxill dlLiil i aj 

j__a lj lb ini! i—CLa. ji 2_iicl ^'r- la» A^aLall 1 ^jIt>1t\ i i n'l forage 

jl C. J 2 —Jiiill (jj Loldal IjjJ Jaia dll jJbJI oiA ji J^ajjAij . jl* jVl 

4jM .>»y I dilaiLlI jajaio jl jdi - 2 ;M e. dill jLa ^jLSjLul jc. 4 jLi^-ljill d ll tul jail 

Platycheirus, Syrphus, Eristalis, jJ— uVl 2-msli. 2^i?>Vl 2 jjLu 2jjj ^2 

•Bombylius, Bibio, Sarcophaga, Lucilia, Calliphora, Rhingia 



Pollination £c±aJLJt :LJG 


jj j5l£ull (jjjia jc. (Joa. Ju jLik j \g~iU-w ^Ja dlljlfill K*,l-kJ 

2 »1 •'«j (jill ^ joilaJl JISjII jl ( Jl .. .Cilijj _ JLuojI __ pc.\ jj) ^jousk 

—l#]j jajj (jjjjkii jii-Vlj .pollination ‘-sjju 

ji _ojj ljjjaJi (ji t-n-k /yii ( _ £> ».u^»ii ^iiiu jisji . jjiji 

£_diil! (ji 1 alaa^a J “taljjll t. i.^ c. j=Jl <jA 4^£U1I 

.UJjJaJl (JJj}a <j° jll CjljLil! ^Ukvl j»Va L-lUdlo 

. j\__A jVl J Ijiari. Jjliu jffl CjlaLlll jj 4-u'uili 4 j.ni Jl f . I> >ir-S$ I ASkjj 

2jj£ill liiLallj (stigma f-uUnJl) liulhll frLaaci Jiaj Jll jl& jJ\ Ja JiaJj 

2 Lal£ jj ill jL_A jVl (J J _jSj •perfect 2Ul£ll jU jVG male anther 

.1— aA^I£. (jaJj iSa jj S.M ll jl lijAlhll e.LJac.1Je 2j^lj (j* imperfect 

J-UaJ tiAjl jt j Jj ia!2 AlJ j jnit-i <LalS jjg jIa ji (_g jaj Jll OtLill j 

jl_il 2 .lalS jjc. jIa jl Jll diULjllj .dioecious Jj-iaII AjjUu IJa 

j a L»Sj .monoecious J i m <> 11 2jaL5».l LJa J1 ?.i j^ljll cjUill Ja Qimh 11 

_ill dlljliill 2-t^ala. 4_kcJbl jj?! ^Ulll <—ij;jk Cjjlaljj Ol jiall ,{j£Luu Jjla 

j__a JJ_!i£ .Hjil nil ctl_li £aj .jjSjjiall 2_jjLjjll AjualA 4lalS jja jIa jl j_g 

1 AAja.j JiSjj diljli 1 j J (Jj jiiit.il giM ja lijaj <Lol£ll jIa jSfl 

.Iggll Ola5Lall L 1 .\k Ja 

Lj__i£]j ^ ..wiljall Jl 4jJuuVl (ja ^15111 l—ijla. (_Jls5jl JJ Ja33 JJjjjj 
ijjl,Vijai>ll jIajI JJ jJj (_siil fertilization jai^>7i V LLuSj 

jj i*j pollinator Jiu-oallj .L-i liiTt l jjj ^jSj a^jj a5j .(Jjjta jll jj JH 
J_Jj Jc. lU»j Jll Jliall Jjim Ja (JkiuJI (Jai 21lLi4 [_&a vector Jllill Jl 
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(j—3] lS ^Ls 0* pollinizer —1' ji^L5 erl' s j O' 4 c ^-^ 2k 

.^lalll t-ijj.-vl ^*i‘uiii tilalll 


self pollination ^- jlill .4WU1 ^ jluaUJ ^jlkaj A=kjj 

^—11 jl aj_A^ll (jM —ii ^jjuaII jll (illall jA ^"•ISill (JaS (jixj (_5-lll 

—11 (ju —ii A —1 j-4.1 tiLs jIa jV eiLjll ^ic- jIa jSfl 

jlj—wall (J—£ (jj-S3 j <■ *;/;-> ■ 4^Slill (j-uLiu <^3 ajji-Vl -ilL^Jl JaLSjj .^Ijjll 

4 —2Lala dil—jliill jj £j l.i —ij ai^lj qa IjjjJai. CjjjISj Cjljljj qa Ij ^ lau 

j-9 . (JSLll A yfii jl jjuals. (JiJj (jj.5 ^lill ^jISlll tiiaj iaj .Luljj 

(j— £lj JJ *1 il l £T (jjl£ J^jlill ^Jiilli IC-V jUl (jia 4ljUll (Jiuala^all {jsixJ 
jjj_2 l-3j_1 .l-laLua (Jj ■ --1 - * ^jlill ^ ejilal l jp. ^cjjj a!1 <J A im ilia 

til j ^-l-j-SV autofertile t-iLuaaj tili tJlii^jl i_jLijSti 4_^alAjl tiV jlt/'ll 

_ (Jj—ill (_ja—u) La£ _ “tJiljll ‘Lujjll tji g» lag] l Ig^LuaJ AjJsL-ia31 

.^•liyi jik 1 l$J qx^jJI SjS .343 j 

J — ij cross-pollination (jl-il4.ll ^alHI i$\ ^-jilall ^-a (jSljll I^iaL'1 jn > S-fn 
i_*£ a cl*i4/i ts^'jJ t-nSjj <0 __}4l tlilij ^juao jlj tiliS AaIuiI (j-a C IS111 

£5—jdijJI <. * 1 . 3 ~>J .|^J1 ■.- tilJui-yll (^-Ijjllj (jSwjIa Ji^ia Lajl.3 (j-ajjalj 

4.. t-^Lu.oi Sa& (jjj a -!?». 'jfi j jSjj LaS ^^jjl <- 0'i^a jjlaliJl 

ti ^_2ll (_^La 1 j t >I«1 qa Ija. 4 jjjS «- jilt^al 3>i& (jjj a^jtljj LoS jjll 

.<_uj£llj JauSjill (JLa LjS JaVl tiljUill (jii j! blueberries <jjjVl 
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j 3 j. 

3 jUj !i s! Leptospermuni 


Cilj j&a Ol j ^111 j** 1 '—*> Lilia 

^liL^oll Jjlc, ilMllifl 4^jl JJ 

j «'* ^ gisui ^ujj 

t>°—iSJ' (j—5) style ^JSl' Js-iV 


jl A_jj^iS/1 3-uajjfl Alii. i_aju*itu Sl^lj 

4_}iHll AjjSill AiliJl ovule —Jl 

(3-_1V»J jjill 4jjjL»ll AjjiiVl Lplill (t-a 

polar bodies ? WVl 

J J : ( Y J^*) 


j—ijSj ^jl—111 jUiyi endosperm nucleus p®'jj uj^ 

gj > y.lll J S.i » ?>j c? jl-JI seed endosperm <j jV' pjiujijyi j\ i jiJl p 

..jjull CjLil J «.Lu! 3^vlLJl 3 ■ u mM <U.iV !t ,o ^jII ^11x11 

i^ySl jl_ll jjL_> 4 ^«r>- Jj./ill ^jil_ j jxj Llsia-ii ajxill (jjjSj l s \^^\ Aii) 

a&jH j ^ fdaa-4 yi CjL« fta . y lj gjliilij .^jjbjll 

i»il "iltitt (jloL) glaklj Li will llj-all J ljLllj_^3jA (j! (j-» 

ji*— cj— i (j—L$ OsL>^' OiJ^ 3 UJ^ 

_11 o— 4 jl combined development i^jUjyi ^aili q* £ljiVl 

0 j—?. «-jUaa.]j ijjjj^a ovules —1' u.A ovules 

~ j«WI OVI til alb .A-ajSlaj 4A yLo j AiLulb jii jLu Aift gjij .lall l$ia 

jxil! (j-a J&kll CjUILU CjI jL) j SlxJ ajjjjla ill Lib jj£j li ijlxa.lj lix plb 

• jLsjU inj i 


-ir- 



: J) s-jlrLiil) ijSuu JaLJI r^&\ d b i- J l djA l bu 


(JjL-jLuS b—^ Ai^j&Ul 4jl«V'j (anemophily ,ji) ^IjJIj cjLiUj -i 
jLadji i»jLljuai (JAxjljj tTll£i-aillj sjjli plj^JI (jjja CJ 0 " 

till jlaj —Aj tjl .. -L-ilj^i .L JJIj <_sL-aLu<a3l j (jAiJIj (jjjjjll 

aV t— . a 2 \\y U Aj-luS/l 4--dl Jl 4_ajAe 5 jj» >.-i UjIa ji (jlj <— fl » ^-Tu 

t-i JA^. (_^ialjjSy LJuj AfijiLa j pljJ] liiLall (jiaJJXjl 3jA jll £ 

I_a £-11131 <_j_jli. ja *jjj 2 dlliaS ^Jjjj pl^ygjl J 4 ajIjui3I £-13331 


lj | U 

2 jj jll djtilwj Uj^SIs jU ji fkuuJi t(entomophily) CA jJaIL gill dljUj -t_i 
(J_la J.. .K1 I J-U.nl —?>.AJ £ j33lj JaLaUlj Jjiill (Jla t-llijl (ja jjj£j 

(J — ^ ~j ^ -S3 ell'jiti-tll ojljj Jc. luiLit io2*j jlAJlj (jlosJlj 

ji jjj_ j jj-.. -STi V 4j jJj cS^j yt^y' j Jl ^13331 t_i^p. 

1 $—:L 2-alt AAi-aJ j-uuj (ji JLpj till Jjiijl Jc. ■lain’i j31 jIa jSflj < jbu 


2 J AAC. C- Jl dlljJoaJl ‘ -Cajlj dllij (jjll 4 jaI j a_)XiS 

d>l 3j pi i t tS dil j ifi-tH (_i‘t_ aj nectar J=>. JlLa jj£ nectaries 

jj. 9 <*jl j dll jjjpd dlllLuUj 2^ jl LdaJ l^Aulxaj 2^. jl ji A 1 i ti-> £-111 i—l^ii 

J—*~a Ja-Jil j (jjajll Jc. (_JAxjj3 ^^a-all dlljdaJl jyd Jill IajIa ji t uSjJ 

£—33231 jl . t •> 1 dVI-ail (ja JJ 5 J tlAJjjj (_J jJ jlfc jSf £13131 t_j^aa> 

2 C. j jloll dlLct jiSl 23U jji laS Uj&ja Jjt jjSu jln-a (J (_5 JaUI 

. jLull 4 jC. jj ^ (__paii,j Jl ^uSHI (Jjjj dlUk 2 „ja.l^jJl (_jj*^a3l J 

i-jj i*aj eUaxa 1 ^-aLu^i jiujj jIa jVl J djljdLaJI ^JJ^J (Jji^Al IJai 
at A ^Al <ijajl 3 CA ^a t-JiSljp 2 jJaaaJI jIa jVl djlallalj t^lslll 

J_2Jli-JU 4_jAiiJl (j^JI (jLai Jc. sA^ljaall ^-15331 4lui J C-uSljol) 

(j—3 Jll pi ja.i fjla_)£uj (jadll f±a.y J& oAPkljJail 2iUS3l dlljJJuijlj (jwix31 
J—il f. ». n7k dll (ja £-13331 C_l_jf2v Jl jjj t^-ki'vVl AjLl_pJI dil jJiaJI 



Louim oLijj ‘Uaaal JJ (Jj-utll 
»' *IU i_j jj-w U^X'ij ^oilaJl (Ja»jVl ^Jijill Jjaj Lailc. j JIJ AjiliJt 

(J _Jl |jLi mil) yj j__aJ Jfi. aJ_ja»3-ill ^lllll L_lj±a. ^Lai Jl j$\ .laj (y> 

1 jt-vH JJ C 12J1 J^La J SJj^jaII C liill i_jjiv (J-»aoj (AJjIIaII <J^.jjl 

iOljUa^l Qjffi-i J Vj jij fJ 4*_>1 Jc Je- ^Sj*S lU*J £ua. 

liLJj Q (jJaai J laluS Jaiil e-liiS ^.laatiuj ^j £a jjjS Laiuj 

OJ& J* jSlI {> »JA j! UlSll SjUjll J CJjAaJl 

C LJU! <-iJ !• > t>* I* j?> t>ai2 (J Oj^ V* (3^J Je- J**aaj jl O 
jl a J^ *1 aV 1 (jjijj ia^jjoa ajA j ; 11njJt HjLui l^jjbj j>4 jIa jL Aj-aliJI 
3 jr.jiJ U ■«■ t_ij;i>Jn ^lij) Je. Jm&Iui 3«a«bU l*i1 4 j ^jjj jjill AjIaII 

J ^t-V' JJJilij £L-alaJI J JaLxkllj 2^SUI1 (Ja 4 ULkll 1 ilju-ll-aA (j* 3 jjJj 

|*''j mail ^jJaa! gyJajj jll 3jj«Vl (JaMJ Jj LuSj t Jalllj Aj)/jSjaillj ^luJlj 

.gjaisii j 

! Jj LoJ Ji Jc. iJS'J 

.^uin <_j ijg&i Aii (j* (jjbiakj Ajl jj AiLjayij gjtbn o»ii£ q* ajj 
pllill ^jjailxa jj£> cJijJa tlaaS ^aUI) ^jlblb t-'lj.ftttt — Y 
1_^a 5 tVv\A jjjJl iljblull g-ljii AAC ^Jc. i*'l(J aju “V 

IJ '--J' ja_ ii _tl O J±~* ( _ s I1j (jjll ojaUJI Llibbill iuaLk 

.Cll^JiaJI UlMlIjJ 31jy^ ^>11 

a_^_[Jj ‘ Ata A\ *‘ l ' , j ajlj j qa jail Clt jJaa i$j ■«->'! wjahu J3 

(Jiaaa\*> a11 Qi!n* a_^ial) jIa qa SjjjS ^ju*u ( jla Jaju jIa jV^ Cila^La 
(Illj »n-tli ^ jlti j . j_>AjL_aaA J ^ In J j >a T\ < i JJ lS j 31 (Vicid fobd Jb) 
jL_a!i]l Ajfijj qa bJojl iJa tiaiS Ua£ IAjLuj ^lli] Jjjj V Jj^sla-aJ 

. (Cumcumis meld; Frdgdrid x ananassa) 
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J>1 


i/yi LuUJ (jSJj i^jl jxtall oi4 (ja (__uuu jls> jVl (J=Jj ,jjl ill ^ iS l T il] j 
.jjlj 1 -A■ .aikl (_JS_oaJ j j-Ijjj 4jj1 jj IjljjJal — Jjill C3f“ h*S -4J 


Pollen grains and nectaries j^>yi :LUL> 

1$_jtr- fj —llaJ 4j j* -i j^^ic, S,lja,jJl ciiLal! I £ -\'iu 

jl ( 3 _Iiu .%j —& jll (ji (androecium) <_sj^ill c- jJI <JSj 55 <jjll Stamens 
male (^j£iSl j*-ai*5l cJj-osjj jl (jlViTil <_iuilLall i^iSjll ^ anthers Jia]) ai& ( 3 Juj 
0 jl c. ijj .111 5 I j— c l3ffl t _'ji-v j^yi iic. JS.itij ^iH element 

^il_mli V OJ—& j (J-S LaS 1 — i (Jjli^a (jx ^ISUl >> - i . <— 

Cil ij —3 (_i j_a. (j—s LS jjjSaxi Vo. UimS J) (Myosotis sylvatica) 

TV x Yoo* 4 —£L>c 4 —jjjJ il J Cymobopetalum odoratissimum 

ji—la«-» — 4—ale. 4 — Sj~oj .(Zostera marina) <uUH (jiiliiJl iai ^ LaS jjjS*a 
^Ja—u> u —le. l—ijli. jll (JSui -(jjjSoa 0 * j_jlj Y 0 ^ ^.loll ^ ^UUl 

i «- - 2 jkiiluJj jjl^a.S/1 (j-a jiSl ^_$2 till j ^*15111 4 jA. 

oj_& jll 1 n ^jll ^UlU i—jj i->- 4uiS t. .^Ujl jVi nail 42_)*^j 

4 _HIajs ®' 3C (J) Mitabilisjalapa 4ju 1 jll 4tUl ajA j ^ Aasi TY ^ 

■Musa enseta jjJl » j* j <ji 


• ri ic- t ** il /il) (jiuu J] ClliolVl uaj Jjjll 4_al$ll Lllllj-iall Q4 a Jl jSjj 
i-s—uaj jj—u 4il jki.j nectaries ( J ^) ji iv'j jla J^U 

4ojj£ kjjjSia (_j_a ^rwajl ^ (Jjjail JiC. uiVi^l .^jjUill L-4 j»j a.jll iiill 

1—a SaUll .Angraecum sesquipedale jJ?\ j aae JL» k^aji \ \ J) 

Sexual column (J-aU=Jl cjaJl aJC.15 jje ajlc. ajAjll (Jilj (J-A.jll JAa-m JA.JJ 

jj _1c. dlilajll flAelj ^jIa 4jSj^j ojllj tjiasll tilli £aj o(Jilj 

_lc. e jA jl! £ jli. 4 ,1,1c. La3j! Aa. ^!j 13 LaS . (^kl!) C> £]\£11 Uil aB Social 

jL_A jSfl i—dj Sllc ajAjll Jib (Jjttjll jl^j ijjj • (jl jlliJl 

ilia (jlJ (jlL Jl Jc, (3p>.jll jl jjl jjki VJ .^u51ill 4e J 
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.£OjLJ aJC. ^jil jaLm o5j jli jSfl 0-jii 


j.. ..a jofli JJ 5 ja& gjjii (jj 1.1^ AijijJa aaloA^ j/i jjiull jaaw jll 4jj>£i 

j-Ja jaII Cili Protea mellifera j Coryrtathes spp. cjlx_£ jji\ j —a ^ T*. 
Ijil—£ ^—JjiH i—ij—joJ! (jj ,}jj$il ji jllj .cJjJiS ^ Jaluj Jljj V is'^ 

4 - aaMjj 1 $oa (_i! (*-aaJ Agave parryi LS ^jJy\ jlL-oll jIa ji jUL^i J j«a->j 

jl_A ji Ig_r^lu ."ill jorxjll 4 oa£ (_K all ^L-aiJ j/> OJE. .AaLjJI viA .Ml 

j_(J^j ^ .Y gJJJ Aaljll j£ulfl ^ (_i_jI\jjSll jIa ji ji j£jj .^ifena (JjAtaVaA 

^j_jll jj_ 9 (j rxj J—laj Y'fA AoxLaaII jjj jA jUdjjjifl jIaj! £toja 

..laJ j!1 


Flower constancy : (_«fj 

cL—SjH ji eVjllj ^yAjnj La (JjaxII (Ji-' 4i.nl A. 2 jj.o^U i^'lial/ill qasju j^Joj 
LJj ;«k Aloe. jUjVl ^sio juitj ^gUc elijll liA jj£a LaAiCrj .(_j jA jll 

Jj__lai clil jail ji oA^l jll AJLxjll oia pljjl OaJj (J jA j g-jj ^jic (ja^jl! ji ^Hill 


uaj-iaJ oja! jl! <lixaJl (JSj (JLaliilj C-ilmi.'yi (JLoaaJ Jjl jjj dlli 4 rx-Tiij .CiSjl) jA 
tlllajauLA (j ji JSj . jjIaa ^ jj jA ^113 i-Jjii. jjuJj jalaall ^ jail (jjijl Ajtala 


I a ^C-jlla Cal jaxauiaj jijii dljLa ^ {_5 j* 1 j^ c-lijll qa 'lalle. 

.4g lliiin Aa£jLii UaLajj jgJaj ja^all jA <j ja»i. 1 jji lillaA 

Constancy during a single foraging trip iSjaljfl ^yu-ll Ala,j Jbla t lijB -' 


JjA jll g«!j_jVl (j—4 _)£& ojljj 1 i^.Aj J«*J! (Jaj Ailiii jl jA ^xC jib 

^j_1 e jL_j j ^—Ic- a ja II a! jil a (Ja*11 oac. Igjj VJ polytropic 

(J—SljVl aLai*Jl aliiil ojAjll <\-kill frVj ^.oAi.1 ^11 ojlajll aUj! A^.1j (_JjA j 

Jjfl -""'i CjI -aall a jxa 4i {JjH jll ^jill Alsall <s,\ij ji \ AY*1 j»lc, jJjjlj jSii 

^ 1& jail jjaj (Ja*U 1 j oSaj dK 'll a jxa 4l ji La£ ^ t-»l-4.11 ^oaloll A -l^g. 

(j. ..,JAXjll ^xTii aB ^IIjaII AjOajj jd*j I g ml j ji jjJ c5 
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^j-_Jl _^ua 3 (j/i L . hj l .jiLaJ Sii ^ j t_JSJ neCtari^S 

^_3 4_LaC. ^Lu! A.A.a eia (J^iaV ( J-ial l AJa^ ^LaJ 3 ju:IjO 

4 r- j-n-N ^ tllikUil (jl i.n& <1 1-^ Aiaa^Lall ^^ic. jju^aSj .(Jlajl 

^£. jaaS A=J ^titull iajjuj iaiS 4jjjj (jliia Jid.3 Igis !ja ^ j /Tn .m j {_J=b-ill ,j-a 

4-)i JSIjVl j_jjjijl.lll jSj lillj £aj . JabSl 4 j1c jjll ojij 

pVj (jt ia_^ >itl jaII £-ii_j«a LSj^S^ ^jJI O* •iljfil ^-aJJ b 5 - 1 ^ 

tj—3 I jjl—ij (Jj-ol—Jl (J—aj ^-i Jai jl£j 1 jjjS ^)1 £ j\& jVl (J=»j 



j ^ ii?'j ja WijP- Jju iubr SJlA-i* :(V J^A) 

pollen loads ^Ulll (Y* j*aj J^Jj) i^Vj-as. Cibjla_a lilli 

ujVj -a^Jl 4-jJ-aj J 'I * ^Ic. Bett ‘LJ jJ Jji llljLiij .f.li_jil 

4j-mj ,ji t_Sj^.l -UaljJ %V ^il Y ijjj tlia.jljj (Jjjutll tJajl AJalik-di 
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(J -wAj (JuoJI *jL 11 %11 Q»Ii {JjabU JaJ (_ji 5jaiil diVjaail 

j^lc. %°T j fl t j AY CiiL Bombus spp.. Megachile spp., Andrena spp. _>ad 
tjau ji j ^Lc. Halictus JiMj *Vj ji ^ j^i 

•c£ j* jil £ jlli Jal Andrena spp. —Nj Bombus spp -J' 


J-«*h ja 3*jjSl : S Jj^ 


JajJl jls (jCiLdl £$JI ^Lal tagai aic 

jOLJi J^Lell 
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.. ji {JiV*i j ji ^ja o_jjjS lliLkLaa Ja& ftlijll 

J—SI J*II (j — a OJJ— iS gd ji j\a ji <jjlLa Pyrus mulus Jia i— jiLa. 

Aaljll Jla^Vl <luii lilli £-aj . (ja JjIs JA»J ^ jj- jJS (JAaJ £a AjjLiill 

jl J|Vl jja jj oIaj (_J_jilLaJl 0 l\all p\Jj (jfi _Jj.ur.lU lalaj 4j>/]ja tllmjl 

:4jjVI cjUu 6 U 

A^kjj la.iia mixed loads aKV cw^l' Jla^SlL cJLaiJ j^Ac, (jlUj — \ 

j rail j3 La {JLa^l) (jst*) .Jaj A3 Laiu ^ISUl ^ja (jltjj (JaaAl ^ 

C UiUl L_Jj-p. (ja t^il! cla=dl aSjLJI fjij ,^d jji 4_ulaj J] 

jj -si sjlt (jjSj elijUj £*l jji 4-uLu Jaaj (J ill (ja *Uj jSSi (Jajl jjSj 

.JsuLkll {Jaadl ^ <ja A^l j £■ jil AjjjSi Aahjj laAiC <iilj qa 



















■ Ifcj l LaJj ^J^a'l ^353 (~J^ia jo Jasi (JJS £ 35131 I—l^Aa (Joa (J> j3a. l — ^ 

jikl Cjl^Jia jj^la jo jl ^ljjll jjjla jo- 3 juj3j,i! 1 31aill jjll 

3_laill tlilaO jl jjlio ^_~y j-a ^[311 i_ij)iaj a jA jl! CjjjIj 3AaJ3 tliixu> 

f 1 j ^ a 31.-k ill I.' i^i-J ji £-3 jj 31 jxij ^353 <_J_jaaj 31aao 3j3ajat ^ 

£. . >>J CjV 3 /TiVy' oiA (—ILull - L ell -a y £. jj ^JStJ j jai 31aij jl 3 jljJ i 

3_u_jC- t_lj-la jo JJ5 ^^Ic. 3jjiaoll 31a3jao3l Jl^iaVl <ij3ajll (j3a*J 

.3jSi31 (Jloa^l jojJa 

J_3 jajja *3' (jaall (Jalj 3i3j*La3! ^ISill i—ijaa 3g j AaljJJ ^j 3! 35j_pa3l — 3“ 

.1_aljj -lixS .ajA jll ^j35j j& Cllojlsto ‘ °J' jSj 31aiil (i!_jlju 0 

jl_a ajiAA cASjla (_^3 Jj-^ila £jjjj ^ £35111 i_j_jia jo ji jlc-_jj 

J aa .1 (J, ~>1 j—C. Lg£jl_ui f.lij jjSl ClVj^L-kJl a.l$l £-alal! (Jaill 

,3Ii^aila J4C. {_$1 3a jloia ^151 t_>_jia jo 35liao gjjii 3^J tllVjoa 

Cl> 3—.aj31 qV\„ «1 <^5 £35111 ^->3 cjfoljll (Jaij {J*o*33 {Jaj ^3a*-a ~t 

oj_A ,_ji Jaill I5$l ^Jlaa^l frVijll 151 {jjal vl£3aj ^ Jala (jia_jllj 

.ilia £-15133 i_jj^a (j-aaS .lie- Jii jj^} Cj^lall 

i_ij__ia ^£3 jl *i Jjjioiao jo jj£l Jiololl Jaij Jjoxll Jai jjjj Laiuc- “0 

(_g-2 Medicago sativa, Trifolium pratense jLa J u n l -. ^3 3 (jia*j £-151 

.(proboscidial fossa) ^ J—«. jail ^ ^ 
la_55 jj 1-a Silxi jjill i_)^la]1 sift 311 j! ^ 3j^*j-a (Jaill JaJJ 

(JC)1_a e. 3—3^13 jj^5j jj^J liA . jlidll (jjiii ^ £-15111 <—l^aa ^£3 jj iic- 

V 1 3 1 alj ^jlc (ia=4 (^531 jailla .jail jit oial j 4la j 

(j-a—ai ji (ja jiijlljj .(jjlau a jo l~ ixoa ^151 <—ijai 3-iii-u {Jl jj 
jjJ Jaill a jl j c? ill ^jlull g^jill jilb fossal pollen 1-51^3 

.{Jail! c _ y 31all siljljjJl jc l^j jjjjo ililo_j!*o JSaly V 4il V) ^gj-bLaJl 



'll \ js_Ju _all! >_j OVj-aa. J-aaj _ Ai.jL.ii' l j r a ^t. jib 

nectar - (joajll clij 'a>>l .(JjA jl' ali^li fjlji 4j»Oa^a j&V' ^IbjU' 

al_3jl' v j-itlj o'}/ jUj_ 4 jl V) o'4ia^)L<u iaSs aJu^aj j*Lu gatherers 

aO—_x>a jl L-'Unj 4alo iaJau V (jj^jli iJ-aLaJI jaill Jla, ,J J& jl' 

.^ltejl ^jtkuil 4 j'-^" l^jjjU-a Oic. 4* jli jj£u V (Jad5' 1 o$j 4irfa'%" (JiauJI 

. jl&jV' jjjj {_Sjal O'jiia. $.19j .TOO JUC aJuLo *lSjjla]| oOA jj& 43 tiilo 

Constancy during consecutive trips ^UIaJI i^lajll J5ti elijfl -r 

(Jj i^n*> all J jxj 4jl Aa.j a" ^jlc. 4 jJtjl Li j (Jail! ja 4c. ^j'»*l Xif- 

Ol-Jaa^Lall o (Jxa Oike-l ,<L_olLi ^IjV jl ^jjll ajjj£ 3jSIxIo <^3 

p to- A\ o^aLolo ^JLC AiC- tjllMj 4-dlc (J±kull AJaJMiJ 

t?—^ Jj— •juaa^II (jii -Si jj jj Luj (Jajll jl ^9 Lllm'l £Aljj 03 (J j^rSkxll <> 
• OLa 4jl jl Oaj 4'ii I % ijljll ^1 jl (jjil ^Ujjl JJJJ jl jil jl£La 

^ - < OUbill 4 it: 4 a" jiV' (_^Ic- 1 jjaS jjiTi J-y i" Aoiuuli oju«»]l jl Ja^j] 

^jUJ jV Ui (Jji^a.*v<n ^Ic. otts-al! (JajJI jl CUluUj jji 4 lU-^ .<■." OlSjV' 

lil ^151 <—)jf* jl (JjA^aajill 1 $j 9 ^iis V jill ^Jill Olijl ^ Ajj^utlm^ 

jj—lc j j Jffi foraging populations d—5=J' u — » UaUJl <JoiI' jiLic. jl jj±, 

.4a.Vi% nil jJjjL^aUwaJI 

o. il ^lc ^ p uVl O^Laj {JuUa (JmsJI (Jo.' ^>1x 11 alijll jjutj 4ij*^J 

utj—jew ^—jjS <" j) J^jcj pollen-gatherers ^15111 sjjfa CiU-ola 

^j _i 0—- O-Q) ^>1— 9j Ajjajll ftOJ oic l^jOjfr Aifi- l^ia jS j^j aOal j £-15] 

diUt.Ua. Ajjjiii jji Oajj AjiLtLill jjUV' (_j9 ttllo (J aC. (Ji^a'j £-11111 t jjii 

J al j —J 0 ■»;' .4_ j'Ull (ji a^ljoll ^U3j4 jjli 4 jwLsJI ^lllll tj j;->. 

4 j'- -~»V' ^ISlll ^lalli ujn CiIjuiU. jj • (jJJ V « j-v' CiLalj 

(Jk (joll (Jaall j 1-JjJa. j^iil ^X4La %*1 » £ * jO ililia ^ jfuil Oxjj 

3_jjjLall jn- _Sxj lillo jl jjJajaijj .plij jiSl jlS ^jLaVl ^Ulll i_ijjal 



4jilxlaJI J AatiA all £sj\ji]l ^ja^xj LaJJJ i—jjiaJl dllll jiiSJI A=kijillj JJ&Vl 

■UT*^ 1 ' J 

j>J_C- JoC I j* l jl> . <Ja V ^lllll u j-p. dlxaL* (ji JI <—'jLadll dljLil 

Ijfiw Jjilj JaSi ^ rt >*i j £ JJ*J ji Jc duUc.1 jll 1-JjJA. JljJ 

Ja_la ijJJ (Jakjll J J-iJJ _ L»_jaC- .(_£ jJ 2_uUj (JjljC (jji C lil <—ij^x £-- a- d l^ia 

i_lj _ ^ 3Jjjla ajiUj jjljJ dc. £_5 ji-i 3 a:Lu pi ji (jx ^ISI i- r J_Jia. £-*?■ J 

Ij— j*j JjSfl f J d=*jH lii Jlu Lajjj .l^juo^k. (Jajll dil/Lia£ di illr.j (jjll ^lilil 

.4lualla jii (JjjL^\a>a jjJ i—ij'-v __jaJ (Ja.il aAjlail (jaaSjll dil&la. (jc. 

£ aj . a^l ji) j»jjll J 3 jfaa . ftft CjlijVl J Ac. jila ^ISl <—l^yja. (Jajll ^ <j- > j V 

ja-VI (jiaxJlj ^laUi i—aji-k j ^Laa_a dll^ijk J (_pnu (ja (Jajl! {ja _J£ jJ 
V, Vi ^L-IUI <—1 j . (J^dll I^jS jll j» jj] 1 dlllji j . Jala jjiak Jb 

dll_jtabkJ 3 naLa. 11 <—Wull l Ji£ <_iiiijj , Jjur\ a! 1 J 3^ktl» (jjSj j!l CjUjVL? 

_JI ^ _3 3— iliiLall dllijVl J (Jj.^-y all Je. j^lllll (_jj'i d il jr.al^j J) 

jl—fejVl {ja—«J (_)$-“> (jjSj (jjj^ JI £a i> JJ £-11111 '- r l_>f=k £-cJ> (ja (J\iiiVlj 

AjaU* {jjS3 Jajll jI jai AlbJl o iA Jj (Pyrus mulus, Helianthus annuus c_£b) 
£-lalll (— 1 j-lVj 3 Laa^ai l dlVl j .1 1 1 (ja J^J .^3kVl {jlj iil^jLaill (Jliiii J^ii (j-4 
(_J^a.i jlA ji £-«J jUa (JSJaJ £-11111 i kluta^j OLc^alak LjjUjI (JlulS 

j! Jala (jjpwj £-aaj Loj cKil' al jli J iau {Trifolium pratense, Vida /aba) JI* 

£-1—1111 u.)j—i=k <. 'l l— n^ l a . * ^liill «—ijAa. /jj ^JC. >~r-J .Jala ^Lll i—JjJ^k 

^ S ja*JJ CiilS lil La jjxj Vj -Jala (jj-- jll CjLmIa JJ VJ (Jji-aajJl 


-j jj —lj i_5jA jll L$Jlij (jli <i!3j k lua. IjJj (jjajll £■ j (j'-L. J V$£jLj 

.Jala ^111 i_Jjia iLlx aa jl La-a (Jll 

iil j)—uJ C 13U1 ija mixed loads AJoili. ^J1 JLta.Vl (J 3 *-! '—jj 

J—ii j -Sjj . J^V I^jIa jj Arkt j (JjjufVW> Jc- lL 1 *-!! (J liJa_jll j»JC (jC (JaJJI 

a j— a Ja-alijl (jaii A <-il~i% . al l Cj V j^aJl dll j J-'»H Jaj (j^s (Jjla (ji dl La-ill 
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1_3_Jlill Aal J ^jj (ja 3jij LliVjaa. Cjta-> <Lu1UlM (jSlj (_5jil 

£-.y_j J\ _J ■ al (JjjL^aa-4 [JaSjj AJaija^aM (JLaabU ^aLvll (Jajll (ji 

.(J^juoa^oll ^Ic. (JlitU 


(Jaj (j-a aialjil 3ia.^Il ©lijj Jal iau)_p<all ^2 (JfaLJI (Jaj jjl (j* 
j>j—JI {‘jJI (JialJI (Jaj «-Vj (jl -ia-J (JjujjJI 

%Y * <J_la JI—iLoll Jjj ui jj Ic. . J lj. 1I J—aj q__jC. 1 i. flVWi (jlUll 

L-j j. - va jj—a jj—i« £>jil 4jua. jjA ^Ll aJjic ^ J^V ..B.lliCOrUniQA 

J_Sail (j_3 <LaL«Jl (JxaUli Jaj jj- 4 (>au4 JljjJI Jaj jjljSc- j^lc .j 


Cii—ial 3 j51*1a oMa.j oi*I (_xuull ^lilll i_i^ia. jjLiij foragers 

j ftljla (_pax4 JxaLJl Jaj jj^a o^oaVl 3-C.j/ia/i\l i—Liudl l^Jj ^LjV libal 

(JSiiJ Jfabll Jaj (ji 3_Ujjj]| JLaaVl CljLii JjjixII Jaj £-a LaS (iilj ^Llij . 

.olaJ JS311 lifc bLaij ja.V (Jj»Loa.a O* 



Ifai *lj*-*i JVJ9jJ £• j£~» JfrUl illiii :(£ j£i) 



t' i' jlaIa i 4 -u.t a jl& jl ji 4 jAj3 CjULaj JjAjli * ~ - i i tn U iajj jjj Ja*j 

j—C CjLajLua £ a-x ^l$j-i (j*ol jS3j .AAajII tjoAjll Jjja Jja i . u .aj ^ISUI <-JjAA 

j_<3 1$- jlc Jjuaab LaIjaJI ClLajLuall jA jfiSj (jJAjli CjIaaLa jAJ JaxM 5 -lSj 

Li— b^ ] Cjjg-lalj . piAiJi qa Ajdii-a jaL-oa pLaS JajJI liijLa <—)jLaj 

J j- -Iaa!' JjSjjj S jSjl llSj ( i JSJjJ jS*J\ JjIaaI' Cilx-ala. (j-o3 Vjj AjI JJ 
Aji jj jSjJI jA ji JjSjj tlhH jb^OU 4jLAJjjii pU=ucl AJCj .^IaajI <_$ jSjJI 

4___l!u ^-algJI Ajjilill (JjaVI j .1 jjSjj ^glc^fi obkJ jJaajJI ajUaLa 

JjUi i—AjuaSjllj JaLijJlj AjjjaJb ^xXull jasS jli } [JJA jli ObuiLak 
ji (_ff j‘v,-iii]l Jjbwall ^Jj& j 4^jl j ^iljJai (Jawj (j ji.1 Cji^j tS-^ I frUn U 

(j j Jajll <— SAl un j LaAiCj .iU Aj->ii jaiiallj Sj& jli 4a Ju plcj (_g3 4 j 

jj _SI CjVj-. /I-*-1 I fl t - aa) jjSi 4sIa£j Ajj-ail ii& Jiijjj (jjjkjll Alib i -a La jli Aja. 

pAiil i—LSI aJJ . Jjlai CjlcLul JajJIj l!l)LajJ 1 (jjj UiLii! u& (Jal lllSj p LucaSj 
4 —ji-jjUl jA bjaafl ^gi £-tldl (jjjxjii jjSjjj ^y>S £_a AAa jjxAj C.jIx jA'A Aajaj 
(JaIaaI ^gi 4 juoLa 4a JJ £-li<Jl plAill 4 ae. jj jJjjiAJ Jjjjj . p j^-t! ij ti .aii (Jjblbxa £-aj 
foraging 4—Lal*Jl 4 -lajli j^La} AAajj .4ajI jil oA»J JaIII (jlajJUJJ (J«a3j3l 

^■1 — J?)fl j—* — j jSiij" o jjjj l _ s ail Jj. <-> a - fl il (Jja jli Jjajj constancy 

Aji—*J (j-Slj JjVt Jj wvN J i JA^J jikl Jjj-OAX 4 l-w ill J*iaaG LaAj&j ^gjJaLill 

CjLLaJl wl A . —iljA«q Aljat jnu A ij'i..." Cjl jrvl] 4 a uiS j .Ol jj 3 if^ 4 jl-oa3 

• j aV ' j ii i jj« Ujj! jis Sac jijjxjj jiutJl (J^iSjjI 331-vii ^ 

• Ja 1]1 AljSl jjj <_J j& jli plj jli CjIajA ^j£ _ jS Aa jj L. LUiiii jJul Lajj j 

honey J^aII 4i«l*Jl Jui*ii Jaj 4il**ii J ^c. jib 4 il 4 ±jLJ 1 jg-JaJ 

?—J }!} j^» jVl j* aaI j ^ jil JJa3 jV J^-sd bee forager 

\jc ^_ij£ull Ia4 aS^jj . . Ijio jaJ Jiiuj j ^5 j 4 *Ji J j. ^ii jajjI Libu 

4 .> k.A Aj. Vk Ji ^3 jaSI jlA jl j ji) La Aic 4j'l Aa j j . S AjAa £-51 ja Jl Cji ja*Iuja]1 Jij 
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Ciil _ S c i -jaa. CjI jij g-jjJI jjji (Ji-ill ^kut^a 

1>IS ^ 3 4Vi-t oil AjuIuII 3 nmill ojSjlb 3 U mj ^ 


V lIaUI J jsi jl (Jir.a'I (Ja-i OVliJi £"lii i-jj}>. (JUiki ■ ^-jl Ail 
J ■*■ >H Ol^ja«Am<a (Jaxj A3 jSlj 3L_aixall ClIlLajll j_-i SjA jll £^jj (jail ^liP Jal3 

jl 1 • -. -I Aa.1j ^jj jIa jl ^^Ic- “Lilli-a O'jflg’i.iLa ja ^.ul>-a jl l$lal£j 

Mb jjjj pUjll lAA J!Uj .^jjLiill g-jill ^llij iijj jl jl 3X_caia 11 

j—ajll l_A jbikj jIa jVl kina. 31Iaiall ^ ^Lull g* jill ajiiic- a!a*j ^Ac. 

3_*a3lial1 £ jli. (jjLdll jill (jjSjjj 3jl$jll 3jjjl£M! IgjjAi ojlj jib 

. (jajjl 3-a£La jsVl Cibbill 

3 jjA jit k_u£l jMU .a^jJiallj Oliill qa ajjuS 3 j/i&l jA (jjA jl| plijll 
.opUS (3Vl °CjIj ili-ull 11 ujbklLJl Vj a^ajl OlaHLall j-a 3 /» JaLpjl ^ ^ ■** 

^j—2 op\i£ jiSi til jluu 3jj»*-klt k* ibkidll ^j*JjJall <■ -lla33ljfl ^k&Aj 03 jll (jajj (_gij 

^_lc Ajjj i*fs. (ja*j ^gill Oliill £• jil (Jaill plijj .^•ISlll t_» jfaj (jJa.jll £aa. 

kill jl_4jll j —a spUS jj£l jniVaS (Jaill (Jxaj ^ISill k-JjiJkj (j4a.jlb ja-il\ Alia] 

£jl_O Ag > jjA pi Axil jA> iia ^1] k-A&all jajll a\axj Ojt> .A-uljJut.il 3 _jjA jll 

Cj'iJlaJI jjj j$-kuj -Ajlajll oA2t>jH ^2 jliSi Ajabcu Ciljbj pbl (ja (jail! Q 5Lft~>jfl 

J_.vLaTi ^ _S A —Axolill jlAjVl ^eiia tlllljJ jl jA jll plijll Ajjlallrtll 

.£jJ jputi jaSl BpUSj jAl unftH oAA ^lAalul Jc SjAsll Ljl jij AjjA jll tlA^Viall 

oaI—j j j^Jc Acdu structural plant adaptation ^bjll Jill cjjSiII 
(j«jjj 3 j'l»~H kiLuU jjuaai jjSl (juskjj ^ISl k_ljia. ^Iljb ‘' 'I j" jlfc jVl ^t-lla 

j jll jaV ., (jl (^Jl AibjaVb .ALla Ajjjli. (j u^.jll J c lilll L-JjJA 

JAl_uull ^ 1& ki^l*tj lAA j AjjA jll pi j^kVb AjAi-a aAlc jjSj j^lilll i_jjukj 

(_j j_A jll pV jU J^.i-all jjlalll jl jAjjj ,^jbili £■ jill A-i_cu^3ikla AajIaxJI 

Jj a. t_jj—ul (JS—kiul (_jji.Vl AjjA jll pi ja>Vl Ji Olibill ^baulj j! ^LaAjlb Iaj 



general insect visitors o>Sl jll A^Ull djl jJiaJi die. L»* ^. wua JI 0 ,tdacVl 

oj__A jll (Jjid {J^alill fl&ill dili d]l jtaJkll ^IL-ol ^Jill gt uXij jjaSLlili iJSiS 
jlA jl ^$jA jit jjlxill Ha (ji <_il^all a3j*j V .(_£ jA jli 0-4 -ijjj Lm 

. jVl yia. 3 a.-dL a d£Lil jjA Oil jV 

(j_ <3 J=ii3 Aiix-a ^1 jjl (Jj L djjjJj ajLjl Lul jj 3 jjyil l dllJaiall (j ll~»j 

jl —a jl J*j-yjll polylectic ^IjiVl oligolectic jUjS?l 

jj _Ajj diljj—a £-a l$-*.jji. (JiljJJ jV OljJlail oAA Jdaj £> Ijil 

t,. >~v -rt-v ^ ^ 3 yyjl 3 l** ^ La D^lfr j 

6JJ-i£ oligolectic —11 (Jidll jSLic. (jjfii La SaIcj .Aldaiall OULull (j-a C ISU1 

. jUa-aVl t-_i5c LutSJj jAjj (jjll AALaJf (jialial) 

„ » 

Importance of insect pollination £cJJbjf iLcJfel :L*L> 

oL_oJ 4 _LaJ-lla 4 jjj 1) dllijfLaj £• jjjllj j^jUill £l\lill jfLij 

(j nd-uj Vj A—A - aJ dAjjll jjISj ^ diljiiadl jjA {_L-aJj .0 jjl£jj diLnll 

acU'.^U j^KI! - ijt jl l (_jAa) 1 (jSJj Joii A-ij .ti-dl Vi pj-»j dibtull 

dll jLiill f — j Ig- uiii dilj>ntll ^ jdaJI ^iaa! ^11 jlajLij liA (jla^yulva 

.i^^jiij AjjUaiyv fjij ijAiij 

Importance to insects dl j*iail ^jaA^II - \ 

4_—adikVl di\ji*u_^aJ Alalfill dll jdaJl j / ill A A. dll j«q AAC. 4jajl 

j£._ »u (j-s UuUui (_<;a]I .JaI£ pHii ^JjA jll diLajlall, d a l*-}! 

—aVlj djl— 1uj_jJ1 J—la (jja.1 jljpd jL'l ^a jjjiuillj jjjSjsllj jj&laJl 

!_ya — 3U 1 — «1l?J • jl— A jfyl jljj q J^l ^Lia jfiji (J-aLaa.Vlj 

oPjjr !— 11 J* ^ 3 nectar feeding insects J^jll csaili ^jll dil j-laJl 

J—null J OaJ jdll Jl 'U^lja.yl a!jH 1 jl jjjJll jl dllull (jljjl qa' <a,Ll^d ^jll 

t • * 

1a—A {_jAl j .4 - i L i r t- o dlLiHala \ _di ^lill) LIS bla2c.j d al«j 



jl_Acl^-ill (j-a (J£J tiljLJlj <■ _n^jjll ^3 dLaxuaalill (jo jJj£ <jll 4 l . oir .yi 


(ji_J»J j) (j__£jU V dl jA->ll lillj jo 3 ■ ^ . /'^'n dW'klo Ig jc Loj 


’J 


(j_Ull ISjII liilj ^3 4l> .-ill <iuj <]!LaVl joj . Ig »-a dtbj (J jll dbLjll jjAj 

. AaJ L»j 3 lAjSi 

Ig jjjl jl dl jj _aiol' j__o (jia_*J dl jitirJb ^Uj j^jil jIa jSfl ^uj 

Papaver radicatum , Dryas Jh o . nil l_i_LS 1I dlditni .e.lj—ill J} 3ildyL 
c _ s —lc. ojlj—aJl ^—jjjII j—S jj dua. (ja^uill 4-aJiV jo£lj*£ Jaju integrifolia 

1 0 (J,i .nA» ^jJl (ilii jIuia jlAjVl o4A ( *-£uj . dlfiil a^KV'l l_u£! jail 
3LU1 jUjVl £l jjt jo ^jj (J£lj -p.l^..'U jjuAjill liljdi £4 4C.Lal (J£l 3^kjA 

£-1jjJ L* U-v jn^i ollj jlAjhU 3 ja-o 11 dl j^i-tll 4_sS juuj 4uUalLoll 4 i d j-jjLo'^cjjj 
f jljjL_ilJI 3 jU j dio liA -1 j! jli .£3jlo jA LaC 'g au> ojl jjk <La.jJ 

1_iLiaJj Jjj^j cJSaS (jA f U g]l Luaji dlJj.d~v.ll o4A (Jodarv.'i . jjSVl AaLoillj 

dllbvj <_$jij jjl] ojA j jo £ 15111 ujjxv, Jljjj CibUill jo £-151 

.^ULll 

Twy Importance to plants CiUlull 3uoA^|l -Y 

fj —S 3—ijl-ull ^lj-lV' jo JJj£ 3jlg_ill ^3 jojjijj 3jjdiaJl dl -k31oll jjd 

jl (_ijj_*oll (j_aj .^jjUill £ jjjll (J*jj 3-uljAaJl jjUudl (JSjj 3jjuJall (jlaUoil 

dlile. i—jUlc-1 j dljj-voiij j^ci joil dljUj oUzt. jl j. >y 1a^ pg a ^ j,*-vU ^jil'U 

■it ■ jj A jg aj.'.iS Au>V) jJj'dllj .SjA^-all 3jjl j-v. dl dbLullj .31d*-all ^jlaliall 
* 

dl_jLlill 1 djaUoa dujv. _pjill (_jlal-Ljl ^3 jjSiwi 4-^al^U dl jaliJl 

(j_S id*. jjjS jxilj 4l Jbbajyl liA 3^uSj .3 jjj 11 djffij 3jjjuna. (Ja*j ^jII 

.3jjj 11 ajala£k 3 j^*j ^Ij dbbjll djx (_J iui 3ibvll ^laliall 

(JLAdll {Jjfu .4 mi B 3 /jnh j\ (JS jjl! alia ^j53j 11 3JL jl^dVl (jl 
dliljj^kll fr lic dbjlkA4 (j-a J15 jj g-ljjVl (Jaa*J jUjj jjAj ^tiShll jjAJ 

g«lj_iVl j—« J-> 3S jjl£j ^llalLj 3jjliill <_jj£ljnll oAA ^jlc. 
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5_jjjjl CibUll C llxa ji ISj j-aLi 4ci j j]l ^ ( J-v 'U fLalc V^V .19 j 

.iljlj_JiaJi ^—Jib Je OajjO ^jji.1 Ailj^nTm jj& ilibljjj jL r^ - b Vl j JjLljkJl j 

^_3 jilaJI ^oiiJjil “CaJil JJ.13J ^ ■ "~*J (JJ■»■* • dj V’'<«-«H 4 lAtViall vlilj£US oi& £»aj 

. 3 '» uiail / iiabuJi 

A 1 ^ 

l Importance to humans 4jj*ii!l 4-uukVl ~f 

Vj ^bjlb Jij 3jillj ^-asllj jjVl 3xJl».H 3jj!oill (Jj> <it*v aII ja j±& 
nuts _Hj tllljl J <$SUll jvlaxa _ lilll £-aj .3 jj>m-JI till jlaj]l (j-a 

j_a jj _j£ _ dl-Si Ji 3iUjyb .(j jilaJI ^cjSJjil jj.1 LijLau l(i >bij j£-aj v 

1 jblVl tlllaliaj jjj-llij 3jdlLili 1 ^j9 Loj l^Sl^Laj Jll 3 JjjaJI til l •> Vi/il l 

(_j ji.1 Au ,'j‘t j iulic jjL-<xaj) Acljiij jJjji jj]l (_^La till JjIaJ I i £*Sli tlllaljSJ Ifl J~l ll 

ji J_al jl rc.yl J AjjliiJl jjLuiail £\a > Ai.1 .lie j .Ac J jail tllljl jiaJ 3-al& 

£ Sli tlil—jUi —le j—ilia jjc ji jjilia jJSili Ju1»j lii-pei JLaa.1 tllij jaj 

-l iA' ,.,y 1 2 ■ ^>1A AjJlaJI Ajel j jjl t-iM/i.ll ji 4_alc. 3.L./1J liljjijj .till jJitlU 

Jjj- i ' ^_Sc l£jjai Ji Ajla_all tlA^SLall jjLlc ^ya (J15 tllli^! ClliU-al £_ui_Jl 

;J till jaxJ_uta L_l_Ji=Jlj till jl jJaillj A^SliSI ^jJtlia jJluU [JH-ajl 

—j£ j_y. jisii ^jibii jj! isiisi ji* jyi s_^i ^usi jjiaJl J 
^i (jlj-all (Jllui Jo -4 j-i jLtaSI all'll I jjjS ^11 ^lljl jlj jl. _ O^Util 

j—a J—si jIj jl blue berry ( 3 jjVl tlsjjil ^llij jl ISjj-jIj jl > > ti\u J tlilaall 

jjj_ 3 lil J__ui*ll (Jaj till jjytlkiia jLa AjjJjjt tlllSjtlaJ (JjlaJl Jlliab %X • • 

. 3 <» tibil l i_jjjla]l t" i^.‘*i 4_ljLaj ^lljyi 

3j-Jj ^ i».9 .(JjjuTTk all ojljj jjC till jlAAJ (J-Jbll UiaJ Jii 

J- Sm ^ L hi t*Uj jc JjjJ jLaJ ajSjjill jU jVl j 4 Ij4jS If, £ JaJ CiIaSIaH 
tl)j_j]l Jj*^aa-a ja %1 • j-wi till ajLill ja AjSIc tlib jT iui^ li*3 .(julilaj 

j_a 3_i hi al l jjLlxJI tluik AjjJall ijjjlaJI tliau LaJJJ jllalaj jr5li. (j}jjVl 

.A ma l -ti l 3j^aj»JI ;Jj. --v ^11 j* %“1 ■ 11 jj j"' ■ ■' ^ U tll bvSlal l 
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.IzJ ■ * 'i -si< jliil £jJal jji (j-a 2 jj, *•,-.. U I'll^al/." Jp. 5 

Lo£ i ^4 ^»lc E.J.Wdthgt jAj LJIjiujl J illl JirJi pLalc. 

",Apiarists earn substantial Income from moving their hives from 
orchard to orchard as the different trees blossom. Indeed, the value of the 
honey bee’s activities as a pollinator is probably 15-20 times the value of 
the honey produced and this was estimated to be more than $600 million 
in Australia in 1991." 


jai . mi/ij _jaj 5» iJia ^Ic. (Jj^‘j yijiniJ (ji ilSli Cy*J 

£t_I!La£. J tiiwil fj- -«»-i 3 Vi I nit 4-<uS (Jj-aj LaJjj ji.Y jLuiiJ qa (JSj (ja 

^>1 i ft J (jjJLaaSI JSj gV'mtt (JjjucJI 3*a 5 l LnJa oja Y * Ji \ O j\a jbU 

_ill filial! QC- dh&lj jv jA *1 * * (j-a ji^i L^LiJI (JSj 3U.Vil ^ \ ^ ^ 

ftil ft a I ji .. .»■ . Vm' 1 Uc jjj 4xa£ jj^-aru LuS Aljill igjir. Cjlwaai 

.YAa&ljjll JjjrfilrwtH Sjlj) 4 a. ji Aa.i Jlaj Jll 4 aajj 1jlwVi 

# 

gs*5kU 3^-L^jf :L)^Lj 

Determining the need for insect pollination 

j a Ijfri »> 1 J jil_aiAyi £jJaj4 (Jjn-i-k all jlS I jl La 3ijsual (jjla a Ac. A=wjj 

gjj . -U jjc. IAasu 4^1Lall tljlju-.il ht-k ...all j.j-vll 

ur-j dj— wt* . al i Q* c-3> 4J r» l rk i _jA lejAji jSSVl f.1 ^>^yi (j]i ijl .4 ■ AjiSS (jjJ 
ol ja*j — (Wijj insect-proof screen cages ol 3*iLa lilLJI ^ (j-alili 

<±£L-J ( j JJ 3-SjULail -ajj . jiVI (jAaaJI (jLa_^k.j J (Jjuiail (J-v-S 

l- Ja£ (Jaj jj-lJ Aj-aila Jaj £_a A ‘ (I) ^^^Lals-a 

Ci'A- jjall I_jLjJkl (J ■ 1 ' n * djljaal.iu) (Jyi (JcjJi l$jj LaJ AaJXall CjI jAaj! 

till4 _al£ Al^y (Jajll QA 4JlaJ! ^j_oiiali ^jjLaII dilc-Uaill J 3jj va-s.i l 

4_jjAjj ;J ->■ £-a 3 . v-iia all t* ill-. It-, all 3LaLta t-s.j AjIIAaII 3 j -.1 \11 3-s.aj ai l 
j" j*s <~- ■ -'j lilli ^j£lj .oAjiaj (J— all jjjIj Aj jl Ijl 3 ij-.~ll pA j j_Jj3 CaIaj-uiILi 

JpL_s£ jj—S JJ fctllj a5j (311a jau jl oXal 4jlj^i*jjuia J (Jajii 
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dji^iu’di .ImJLniU Cjli 3 jq l. >| I 4 jil,,, 1. y-A Sa l I ~3j-J {J^utTlmj .^t.jthU 

jjj!—J 3-14j 3i jxa t -m . n-ij (jSJj -ojJxj-Ji dj! jAaJl (J3*J Vj (J^Ji (Jd 


di^jL va dl (jdkl (^3 .<_£ JjdaJl yic diij (JLudjd 

ji t, _»J jj .1 ... i ^' 4 -^".■■! 1 ^<5^1 j d ot'l l 

1 d - u j (J__aiil <dil ji -J j (^a LjbJ (J33 j 43 jjaaliSVt «4A (Jia O^J OJ^i 


,l$Jic JjL^Vklait ^SUiJ! ^-y3j ^ kljXJ-o 

jjiillj jUll (dlLuli ^AJ Ifl •■’»’ {jaaUSVl (ja (Jal^-ail 3-^j'n 

CjUiliaiil ^lljj Qii Jaij AjjllalU 4j4a>j 3Jjla^iu 3 ■ ^ A. U L-Jjbdll 

.3j4li jjC ^u3j Aj-aiia CjlcUaii! ^lljl i'll j,ti-s.H 3 L ^it *tt 

3—jjlUii . LaLoJ 3jilS JJC (Jaij Qa ^^jll djJL;lx-a da^ill £a AjjlLa 

jjji_33 Ji _J3 3j-o1Ia Jjill dllcUallij Jaili £jo 3'^gaJ' 3jjbj]l CAsUa&i Qii 

ujL C-UaSli j -a jjii ji (Jai (Juic (J«^i 3 i_ Q il J a jjiJi CilcllaAll jjji .33 J 

AijULoll jXuUj .os.lii jliil C,ll->3Ia (JSL£j 43 (j; jJLi i*;i j.*-v ^JJ 3il_dayL 3j-caiia]l 

. , { _j]| (JaJ (jj4J (JjiJ^\j Jaj £a 3j-^iLail dilcUaill (jtU 

.dlljjlftfij V ji CjlcUalli ^XS 41 aUla 4ie. Um (J*v iW ^joVi JX jIj —^ 

Ol—E-liaa]l JaS3 3. UUa 4ic 34 ja jjl I dll_jiiAjlj (Ji_ili jjolj “Y 

.ilil.Vulb {_t»j (jj4j 4_k-aiLJl 

J-ic. l&4^tjj (jSLoaH J^j} (JadJl ^jiLjayi Jiiljli “r 

. Cjl AjjalVj jl jjj4j^ Ajl^uhaI! dilc-Uaill jtua Aialjca ^4c. 

u —a jLull ji (jjjiH j jjiii! jjjj jl 44 c daub (j^aliaVl L_jjd3 (»ajSj 

. Jj4j j! jLoj 43xj jIa jVl 44C 4djU ji {_)-a23 (Ji 


£-« (_^al-iifyl UjUj QA (JjMflVl Ji (jjc.Vi Jjijiii jl ^bjy) 34I4J <—iuiu 

^1] (JaJi dii^a» 4 taa (J3jj l^-ilc dll'; ^4 3£>L*li (jA (JJs aj 43 (JaJl 
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x-i (!) uituJ ale l=kjj 13 j . 

JjLxJI jj j£j .13 ^l_l^ ^J.wjJ1 (Jaj A!,-,. :-i"’.-II A al aU ^jt3 (Jiivil jjk la.1 jlJJ 

jl__jii.\ ia.jj LsAia 4 -lIc . (Jail! (Jaxj 13 j i—ilia* j^c. \mjaa ^ ^Liill 

( 3 -^ jU jVl jjji (_$iH O* -^3 i ^ 4 »*i (—liii*. j3£^ <_S^i>l fc}.5^ 

^SLll ^ja j^l Ajjao {j^aliaVI (JaJ <jc 13 Lcuaj dll ■y?La& (Jaxj 13 ^JlaJI 

ClVI i . >ti 3__ullc. dljl—ui lJJ- 13 ^lj jl jjILaJI Ajc. j <j£l 

l- a * ol_tJ ...nil (JiJl jlA jlj AaJjJj 3.v.^l ^wnliJl (Jill ojaxIuiaII 

jl..ft jVl <ja ^UISI <—1jii. (jifi [_)■'---j jj£l Jau liiMij IcJ jJJja lil ^Ulil ) 

(jj__9 llg_1 jiLJl (JljkJI dilAj Ll) AijlLa ^ualiiVl ^3 gr Aiill AaaA £Sjjj3 

jjSl (Jjwi-k all (ji AlaC. pLjjl (Jail) dljLi AjuiI jli lalS jUj ^1] <ailajl Ijlal 

lil 1__iLall qa (jj£jjuj dill ^Ic oj^lt -3_bJa_)A 4ijLu (jAaliiSn ^Ijj pjlij (jiLaj 

.^t-iabU ^ll 4-^l-vU jjlfaj 3 i^il-> 11 £a (j-aliafyl L-ljlsiJ ^u£j Lu£a1 

J—SsJI i—«>J —S Ci'j at . 1 ■ -mall qa ^ £jdajj liu dlij laJ 

lllljaai i -iaaII 1 , nJ £A jaSIS) Jj) 1 '**~ v ^ (_jle (J^ix!! (J»j lie. ^jl 

31' Qj- < ^"' l .a alltj .jLull Ji jjiill ^\jjJ (j<aSJ dill 4ji j ^l_i^ 

. (_y* _Sail llA tS** _jW^V {j“'l ?■' <Hili ji 3jilS 3jk_jij o^jjoS <.*n.iil (Jj> n%/'ll 

11_C. ji Viv^iS (JLxll likl lie Ol jajujaaII ^Luaji 13 dliiS _^aV) (jl£ 111j 

^_£J d!_!l ^_aj .(_j ji-Vl 3jl$ill alau jj^aSllma foragerS' pi 1x11 (jUluill (Jail) 

(JaIjJ (JaJj (Jajll lllfrl (Jddjlij JJ £liiyi ^3 {_>aij (jl (jA ^jS->Vi 

,j3 djIj A^’i ia nl l £jJaj 3j 1U1I 3luJI 4j_pall aiA (^_)^l 

.(JSall (Ja AjaSIxaII 

JjL_iA& ^1 'Vi i ill (JaojJ ^^nlA.11 ^UaII 3a 13 Ijlai] 3'l^AA Ai^lb 1=1 JJ 

3 i\*~» all (J .-kl^All jjj jUjVI lift lllalj jIa jVl ^lla qa 3 ah A. ^ 

. 3jjaall qa aLIs OljiAijiK ole. Ixj jjle. 3jjlia (Jla. ^JIaxHuI jXa j ujVi 


-n- 



V La-lic- j\A jjI AlalaJ aa djUj A-UiAl Alp Ail Aaj^afl 

^—jij J-ia ^USVI 311 jjj J l ^Sjj l>A£' <jf* <_s* J'J 3 

»—* l^jjljj (j-a CjI c-l^-ljj jaS (j_'USojlajj 1$j h~Q Laj jlAjVl 

CLl_Sjll AfLigJ.-uJ HjJ^Iajl liilj _jj_<! ailli ^>aj . jjAlll ji jLjjJ'l Ate. lilLi AxJ ,! Q . ~ fcJ 

jl jl _ till .1 . .4C. jjjJa jl* jVl (JauSj L. U.MXJ V La-Vic- JLSs (ji (j£-aJJ 

.^gjlill ^jSiil! (ya Jjjj Vj jjifll 

l"ll 'l^g 2 ■-< ■ ^ r \ Oljjigkllj (Jnull ( J~y *1 3 A |H >J V Ljaji (jSwOjoll (j-0 

3 s-otaJl ’.1)1 J—liijl £-1 j -it j JAa (J Jj »<-!-> oil ^Lijl Q13 JaLajJ (Joaj 

,3jkLuuJl Sa^j (_gi ^ 11111 c_ijfaij (3 a=^^U 







(JrtUl) CibAUI v-iLd! 

Insect pollinators (Bees) 


1 ■. 4 ^ 3 <jj. .» ljI'i' jj-v U jjl ^bUi (j^s %A * jal Cji jArvll l a\i^i Juu 

A—till jJ J Ja . nlj (JjkjVl ililjlx'rt.a J hyJjjJ A1 jj 3 i—ijl Ja JaJ i- jLtj 

t 'M m S dl_ii£j A 'ill* A_xalc Itl J t, v i»iiA ClJUIcj l_uj Jl dil jAaJI 

j n*i% t—l till j mi til ji ^C. jj IJ Jl juliJ^lj (jullaki Jl dj^UUJI 

J ^klfi (J& A^-tUe. jjLtti. ‘."-"JJ jL_b U-La Jjiall jl VJ l$cl_jii (Jj^k'Aj Iblllci 
1 - />\j) (jl jy=dlj jluijyi A-> Ii/ij Ajjji^ill j 1-iI-vV'aHj 4jc. 1 jjll (Jji«aLa-<ill 

dilj- >iaJI Ij±J (JLa-a Lib (jiulj . jLa£U lla. ojjjS A Aja CjI j Igla jA£ 

.Ajj>>oll li’ll-tda!! jjAj ol^lj Ajl. j£. (Jl-yjvll dljjJuu <*slill 

j—a (jj — A.-ki>Vl AjjLic, Ajjj dlU* t->lj.^-kll (. Luo uAj jjj jj> 

jL_ a jVl jjj— A (anthophilous) Flower loving jl— a jbU A —ia> ■all £-lj—iVl 

A ijj ■*' L — aA j j" yj tliikj Jl AjujSI aib .^Iftlll (—iji^. ji jj-J ' 

(j4 Ajjibl jiSi (^Aj ( J^jllj Jaall Jl AiL-bylj) jjAjiII (JjsAj ApOCrita 

A.-ujll uVi Je Ub JijjAaJl jSjlui . (^gjH i xi I l ejUiJ'J Symphyta Ajjj dal 

( j—a (j—« -sphecophily a— Ac. JLj wasp pollination jjjLiI! ^1j • JjVl 
jifl—iij .Vespoidea, Ichneumonidea Alllc jja j* Sj££ j-ljjl AJJ1 ijUtLJI 

j—« ol-Ld (j-aj-aiill AJlc. Ajja j oUiLa (Chalcidoidea: Aganoidae) jjill 

1—„ i_-J l^— ji y —la (Vespoidea: Formicidae) lM' Jj jlii>j • jjill ji! 
(myrmecophily) ant pollination J—ail! AJaJjj ^jSlill jl f±.j Ai uuJa CiLih 

.£l jiVl j-S II& t_Sjjxj 

A^abi jiSV 1 Ac.J4. > a11j IJJ jiaiji jll bees lMI! Ac.jaa- 4 Jl Jj-4ij jVlj 
dDlfll kj^iUj A ii ritll C Ulll I—Jjf^j (jjjkjll ^-A>j (Jallli .Aj j.M-J I cllLajiall jjj 



.^1 _*JI - 3 jj Y • , • • • jjSI .pliiil 1.0A >i-iL<. a l % i 

£_jlij ^Jc. laixi djljLiill j (anthophllous) jU jblJ i-c-c-a Jajll s 

(j-ial—^ cjjjt j' jsu-ai jjl i^jlj UjU ji (melittophily) bee pollination J*-d' 


_uiilj (3j—*11 ^ JaS3 OALij] 2jjL2jj -lajlaii. £j» & <ajt jj 

^1} tlllalLall Ojijj [UV 

Flowers pollinated by Hymenoptera lau^-Vf OUlUd geJUJ jUbjVf :Vji 



( *^uL_xa 3 I (j—o go. _ c - jj£ 

2 .. . jl_4 ji 2 jil i\il 


g_aailj (J^uu 2 i i-_y£l jjj 


J^l lllLjjL- >*■} 


jlA jVl oiA ^Ja»-a (jAcjjJj . J^il! 
“bee Flowers” J—=^1' jIa jL 


liS-^ij o& tjl*2j (jja. J jin 
(_$^A jll (Jlkillj 2.Ul .,ill 


WjLj J*dl L-Js jiAjf (0 j£i) 
L v-j!' olJ-iy> Ja?-bbj 


»l.\M (Jajil j 'j3 ji ^2ij .ojia. 4^j| j l^j jSj La Sale. ^1 j (JxoaJI 

sAA . l-i Jl) j._-£ La .lie. JJJI ^3 cilli (JxSj c* ;iK !gj Igjiijj jLjjll 

nectar guides Ciliijoi ^s- J^.du ala J-*ill 2.-w>il j JKdil edi jIa jVl 

£— $y> jl lldlc til (Jiill *u^iLk <L<ua dilj Cilaui^uj 

. Ia j_j$— la (J$—*-“J V 2-Ljja 2a_^Aj Aj^iil oOC.ll ^3 (jj£j La #al& jIa jl 

(JLLj J^ill Jjylall "jUcllr j ijacjll jlAji jj jjj£] 2alh*] 1 2jjA_jll l_ujUV1j 
. IClLaiiall JM 4 3j L <-i 2c. o ^Jlnai j Cil jJbJl j djLUill (joj sjjO-i-l 
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J l (joxj a jjL 4iii j-iA.ll l^jll i -Aajj jIa jVi (j-a jjjlil 


■“«- 

Ijj— iS (^Allj ^liUI £ jjS vlAJi IiA=uI jlA jJ\ aAA (jAr»;lj .a jjl jll 

g Ifo LaS A^Loi ^Jc aL^aII (j jjj tripped j**A jl La 

. ycjSm lApI jiJ »jA jll 

t J U jl (j—i& (J -> ill traps (jlljc jl jIa jS?l (jAnul 

jl 4jJ—u&l jjl—Sj (j! CjLJVS pAA (juAaA3 (jjA,_)ll (j^a jl Jl jica (jj Ja 

ojA j Alla, J . C 12B I—Ijja £iJaj jl (Jakjjl t.ijaiSj lijJ jin-a £jJajia Aic ^u>Iaa11 

j—L a. jll—uu Jail AlSj Jll ajA jll 4i£ Jlu Coryanthes speciosa aj£ jJ)!\ 

njj . ")j 41> jl (jlju S_jA jll ^jlxll p jail Jc o_)jS jll Alajll iajaA Aic j . Jill! 
IAa Ala.ill t^litaj La-lie.j .A ljn>» AaA3 jjLi. i—iajllj iai3 ^ . jilll ^3 

£-1_illl 1—1 qa AjaS 1 —ImdSj lijJ 4 v'l > aV\j La.Vu.> tillaj jl l^llc- UXj (jjjall 

Euglossa cordata —SI (j*j jSj ujAxIjj .(jjiJ ojA j Jl AjI$a 1I J 4- 1* u jll 
j— jc- 1—^4 » J —a jl ts —b Lo^j (Gongora maculata) jl JyS jJi ^5! j Jj 
j—C l glia J pljjl AjLxIajI jll pi jaiU 'UaAll (jljja.1 Aicj .ajlaJI lllljljjyi 
■i ir.j -ojA jll ^15 Jl J jlij ^ jl ^ixu Jc La jj_j«l alaa l^_jjljj alij (jj^JS 

Pollinia 4_ jIg. ^LsSSl ujj^a. j* A<^u-aiJL» JjS aja^VI Jc Ia jj^a 

(JJJ ill 9J &j < _ s — SI -lad! eAA joaj AlaaSl jiaj (jaa-« (ji ^ aAh j 

^.'.Vi_uu SjAjll ^Lu ^jlc Pollinia _SI aLiAII cl!j2j j_ s -ill (_>aij jjSAjj 

A - i. _ j — — lacl A ajj U ^—a j ol—aAVI 1.1 . A j _ b jVl ^1 j _ ii j—a Ai _ C 

-SI jl ^—SI 1-iA ajLAVI f -^3l t>»j .^liAll ^ give - and- take approach 

—« tj“ —4—1 (jSJ 5i=iA]l ^ ^U. jllo ^ Pollinia 

i-Jj>_l-i ( JjAajl Al-iill ^!c 3.U J i%a jSLol jUj^l (jo AilAi-o ^Ijjl .^uiAoll 

C-i jjiLLo p ja. jl ejj! jll 4 Li ill 4j« nltll Al-i»«'6U jiLoVl «AA .^lilll 

,^-liill L-jjin. iilj2& jl l. o^)& jil AjjjISjII (_u£I jail A1 -i'i 1I f -.. .■■% ,j<o 




^_3 Lal£dj Sjlij JJ^I j'-l'ilj lilllA 
Ophrys 0 .. 

4 _ajUll 4 jjA^ 11 £>ljjVl 4iui jji <■ *~ a J-~> > 

jl J_ *>■ 'U _jj 4j_uU {juiaJl l-i^-5 

.(1 jjlllj JUill J jtuliiB 

jl—& jVl ^-dlJ (jl dli (>« 

^_!ill 4 j _uiiaJl 4dUU fljLJl 

jl J_=j]\ (j_a 3_k^alA (ilUl IjSllaJ 

_ii!i3 .ojA jll ^ jj l. lua . jAjUill 

jl -uwJI [Jau <_OUk^ J^j]! jjSj 

^ AjJj JjLaJ j aAA 

(jiiij ^a ^Siia IaI!uJ 4ai£3 (^1 Sja jll 

t5 ic (jjj jlA j^\ CjSjll 

L-ijl £11 ^1_ ArwiU o jAl—all a j—& 

A -JVI oi—Aj pseudocopulation 

^1 j__jl <j_1 J4__& jlVi (j& 4-1 j*u>-. . o 

-j **»■ Vil Li jl (j a jl ‘-"'J ^ilaJLi j iiSjjVl 

* 

Jjlui -m .oj a_)A jJ! 1-la. 

5 _jlgj <—ijS Jj— fill (j>» £jj£ dli 

. i_jjjdl 


aj^di j/j/'Si 5j*3 (>) (i jXi) 
.Ophrys insectifera j£d' 
Ophrys aJjjkll ibdl ( Y) 
.fljAjJl Jjt£ bombyliformis 
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iaUicoJI ^l^jV tS‘AdlS 
Flower preferences of different bee species 

jjil—jj £jj jjuzij 1 jji Jajil £■ I_jjl \ AAo j»lc. Loew ^3 

oj— c. jjjj ji oligotropic jail SjaiJI g-1 jji ji monotropic 

4j£j 1-u> jU jVi gdjjij j# a£AjJI jjSj U o-iUJi ^ .polytropic g-ljil 

(Jj\—_*il 4ja.jil jajll ^ jjl jft j£J j ,_j3 JJ4 duajlj 4 jn.jl y\,,A j 

4—jUfcjJ^Sj^a diljj—ab oligotropic AjjLil! Jiljxll 44^dllj monOfTOpic 
l ‘lAjjjj j_g3ll jLft jVl £"ljji ^lalil (-JJA3.J (ji^jll (Jji^njUl Ajunl -k 
dll-sjlxll tillj jLa 4 ^jj -4 jll nil dllljSlll jj^a j&i ji l4ilj ojlc jllb jVl jj In". 

Panurgidae, Cj^ISI—* 11 ^jbll (JajJl (jajunriJl 4a.j ^c jIa jVlj (Jjj 

3— ijliill dj^jUil quj Megachilidae, Anthophoridae, Melittidae, Andrenidae 

•Cactaceae, Malvaceae, Convolvulaceae, Cucurbitaceae, Onagraceae 

gdj—ii (jil-*J Jj-aij 43 polytropic <j}lj*ll 4Aula Jaall jjfu La4i& (jia.j 

Sjl—jj 1 j ’A<ij (Jjjiall (J&j ^H**S (ji (j^i jicjlL .(_jjil Ajja j gdjjl jIa jVl 

S^ahTii.jlII ^Ina.aj 3U».*U JoiLaJ J^utll -lie, l^ji VJ AjjA jll ^-Iji^l QA jlu£ 

jl jb vul 41L&. 4 jsl*j/ill jl aAa-iyi SjL jll Aa.1 j <_£_}A j ^ jj ajljj ^le. 

J— dA i Anthophora linsleyi J—^ ji isj US .^-15111 (jr^jll 

J—aj ji la—a>jl 1—aS . _>—=*.] £ jj <_$! jc. Salvia carduacea cAjj £-Ul <_j jas. 

4— job f_g jii AjjIaI ^ 1 jii T j-j jjSI Ai~uj 4$£UJl jUdl jj jj Andrena varians 

.djajll (jAi ^ 4i la i J i ^ I n Min ^ill Andrena (j*u?Jl o-ill 

J-Ai.jj La£ jjA*aa ^«)j^ ^ Jaia solilaij 1 bees <j-i'jijyi Jadil j^> kJuj 

^ _lc. J ■ j ^* *^**■ 'll 4 IJ 2 4xjajS 4j j iiiJj 4lji3 4 jjA j ^>1 jjl ii j"' dij-. j>« '. i^ ^9 

4— u J n-.ll 4 — a.lj J —iaa JJC. SOCial bees Ja-il' dili j^i (j^.«ll 

»L - JV j • J J A jlill J. ^ i ^ (Jljla ji£ S j/urA n im ll ^sj^u j^5 ojAmosII ..11 ajjij 
^Ijjl i4c. jja jj djl jlil ^^lij 43 J=dll j« Ai.lj 4 js foraging life (^^ ji J^c. 


— K*V- 



0_ a. jj lilli £4j .(Jjl jail AixAa 3j jjJalb jj£L» iJajJl liA (JU 1 jlj . JUlo 4P4- 1 

(J aj qa jlS JxijlJS . jIa jVl .VI Vn .13 (jjllj C»ljjVl tillj (j^a*j ji? 

jl—Lyi tii'j (Segmented flowers) a—jja jJl q^j -k-oill Ji-aLll Jaij (J***J1 

j—a jjSI ( J'.n . a) JJjj (JfaUll Jaj (jl J] jJj U US AKal' jf- ^y^-jLiJl 
bilaterally symmetrical flowers J^=dj LibJ j J^Lajll ^jILuII jIa jVl J*«J1 <_Uj 

j£1 >iiall j^a A -■ 1| ~ -v /» jaLaji ^2 jIa ji jC. ‘ * J j (JlSjiVl ^ "M-r> jIa jl (Jxabll (jaJ 

iB. agrorum jBombus pratorum JJ—ill Jaj AjjLjjSJ Ji .habitats 
Jjill Cjlj jlA jVlj ^.jliall jUjVl JJ jj La LdVc.j AhlUl jSUJI jUji (Jc. 
J Ajjlwi _ji-aSjj Ukjull jlAjVl Idle B.lucorum Jjjj Laiuj .J_j)aJI Jawjiall 
^—ijjll Jji j\a jVl Jc AjI jLj jj-oSi B.hortorum jl Jaij ^a.jiLalt jSUJI 

j i& B. agrorum J—a-ill J—a& JaLij JbAj US . jSUui Sac. J JjjUI ^jiiVl 

oj—klUa IaJ$J (jill B.pratorum U^aU. bjA jll (Jj ajbjl jil JaJ Aj=kj 
1 jl l—a J C. <—ikiSll JJ jjxll JiaJlj . jIa jVl Jc. (_jjl! Jail! j-a L-Jjilb 

.^1 jiVl aJA A^JJ {JU11 $.1 jrj ^^3 Jj^j-a JjjJaSjll (jali jlS 

4 - »a>J jll ^Laiil JaLail Jc. (JiaUll JajI jA jll JikiaSjll (jaSatij 

B.luCOrUttl ( J —~‘ » - 1 dll j . 0 t*. I'.a JLLail Jaiu J& A° «W I Cjljuwiuia 

(Jjl j m lu a a £a=uj -Trifolium repens, Erica spp. j* ^Uillt <_ij±a. CiUloal ( ->h« -a 
a. .Aiaa as Alikll Jj . Vida spp. j Trifolium partense ^ISill c-ijiak B.agrorum 

- k UtUai (jialill (_Ui a jAnluid Ajamljj 4f, j^-v ^l ! ^Lilli i_ 1 jji JJC 

B.sylvarum s B.agrorum J_c^l j**j _^ j ai*i .a! Ji^iUll jLull ^ Jl 

ljl 1 —aim T.pratense ujn Jala Ijli Trifolium pratense i-uL>j 
^ 1 il %iT* £a-\'\ 4jli JSall t..i.iUj B.lucorum dilj^aj-a-a 

.(JAjjbj J-' jji 

^ .. * * 
la f ^j^ll A . /n > ^*i~*k 1 a iJjl^jl^j AjUjla j^Sj U ^t-Tj l jll 3 jxa tgjl 1^ i-w l 

A „ ......3 jjll jU jV' sllj .Aids Jai3 AaIj jLu ^jj jU jlj (j^ajLiU 


-r*A- 



jfi—si Orchidaceae ^ <Luala. jilui CiljUill qa jjLiaj Aaujj 

.Ajja jll cAjLuII VLas. <^£>Ul*JI 


4 . jftl lj (JA <_i_jia £Aal (JjAj J^Ul jjl (j'r-lir I (ji (3?“* b*A 

til—S jj > jH 4dc 4j IJA ji . 4 ,$ jaJ (JijiIj Q C (JSl 

d— *>'| (ji Ji—lij JJjliJ Jja.j (JA ^jiLj .JSLa L$_jAjJ1 UJ^i 4iuJ1 

il j_iSll aj .*1j* e.\x ill £- _3jpy A nal-Jl CjLijIcaJI jj 4 jc11mu1j jjajI (JiaUJ) 

d — Vl CjijAxliaA C 13 Aula (jiijLaj <_£ j*J ctllj j»C JJ .4j1ja.t"i.uia <ja (jJ^aVl 

u-lc J«fl ^sJJ Jj$a. j^jju JjVl <ji <J} B.agrorum ol jA*i*A qc B.lucorum 

■ -ix-J 4*WjjLi jil tliLajlxA [JSij (JIj-csjI Jjaj J] jiua liij .{_)-ala. cJj 1 -***■ ■" 

Ci - 4 dda ts ^ 1 ( 3 ^ bees d*j A^IS j\ jjJii (>» — jVl 

^—39 j—iS /1 (j-a jjj£ j social life ^jcLaSaj a Ama oi ji*~> II Ijjl 

qa a jilt (jjbeli (Jajll Jcujj -solitary life “LpljiM 4>ti.».A (jLwj 

j 4iLaL d-udl fji jjjliojj ^xaa Jt (Jaxjj JjsII d^ (j-* 3 ^jaa-aIIj 
^l a aJ d«J3 ^1 jA*aa 1 jSjoLA 1 jji 4iiUa <J£ ^j5u*jj .oljalt qa j^fyl (j-ajil, 0 ~~- 

:dltc ja%a 4!DIj ,Jft (_jC.Laia.yi d^jll jj-knij .^jjUall dlij 3-s.ia __jlc ' 


ApiS (_jCa £JJJ l^jtaiaj d*A&11 d=»j 4c_y>«a-a — 1 

Bombus (J «l> i1 £JUlJ I gaj^aj dfildl -daj ^fcjayn —Y 
Trigorn, Melipona —II V«1 i>i ^*uV jj»I 1 d^B 4c y^> —T 

4 

B umble 4 —cliB 5—c jAa^H . JJS j*j 1 jji Ia jSj tr'W* lU 1 *!! d=>j 4 c a 

(_ S _J 4_SiUall ijal Oj_j-ojj . L_aj|_jivll _Vf wil 4iil^laj L»j ■ (jnla bees 

(jj—jail (jja XJ d b \—aj .Ujwi OaS 4£1 a tjjut 4ijUa (j£ (jA »i_< Vj frliiSlI 

stingless bees ^ mV Jjill d=>d1 4 c js.y AJ .l^ia Aula. J £-W I_J^ia Jl d*«llj 
4 4 iA» l^rtm jii ^ 4 nw->v d^dl SjLsJl (^^aII 



4_ ji jju Vj .Im o jlih-ta j 

^ J "*> <«B cJ_“>*11 <XaS 4lal . tiuixi! nVull <ja £uiV jjill (J^->11 J jJiaUl 

. jl^yi 4laa'iuij o' UjLl^uSJ jS-oJ (JaaC- jjlc. l$ia >, 1» »<*ij UJ^i) 


{TJ)\j—j ^ -lb* V) ^ ai % j Vj (J^ (Jajll (jk*J 

jjjij .IajL*-“£> (j&JJ V C&J C^Vl ^ . a aj .13j ajjuifl ojasIj jSillj 

. jLa iVl ^jkk. ^ Ljjjlju ^ j' kjLj (jlLjoi ^ jl (_ jiajVl ‘UlLlc.l 

jl—6 jVl (j-o ^-lllll (ju^jll ^> j jli jjj SjIc jjk j V J^il'j 

( _ s —lc. ^1-ll S-ljfa. iJ^La (_pa*jl (J“>*11 ijaj .A^iLlc-l ^ 

4-iiiiJI (JikjVl ^ylt ; ~ U a j' j OstTlia sp. q.i WU AjljIj (jLa ^Umll ojaJl ^5oja 

£ -lL^xall bee pollination (J—aill u —lc. J_Ik; . J«*jl J 20 ^ L»£ 

•sphecophily jAilfsil ^jSIjj melittophily 

Using honeybees as pollinators Gbs&Uf J**xlf J&i pf Jbsi»j{ :Ultt 

^/?zs melli/era £j—ll' ^—JJ fll*l'j LjLja'j Ljjj' J^c- J=“l 

A.dorsata (J^-a*J\ ^ <_J*i«]l (Jaj (j-a jji 4 j>G LlmiT ui^ia. 

fcj —j kia. (jS-<u lilli ^aj . A.cercma L sjgJtf\ cJajllj A.jlorea j»jall cJ^illj 

kjlj' v.yi Ajjj -uVl jGLJI (jAixjj ju^JI buij -IGLi. ^gi ^Slill g-ljjVl O* 

•A. mellifera £jlll £-« 4J5UL J 2 ^' Ijjjd J" ^ji 











^ jj&A.mellifera 

A_jjLaal! JiuaLa^all 4 -Vift l 

(jlaLlaJl ^ (Jaafl I £aiiJ' £UJ^' 


2jj! Oj_Ull 


kjJlj 4_Jfia3 ds 


' j "j J] J 

4 * \ iU ^ ^ dsl^J—iail ^ Lua 

(j_Aj - a ; UB (J__i.b a^Ljoill 

al— jjaJl 4-2k.jl [_pwJ ij JJ_>dall 

(j._uixJl ;J -»■ > ‘hyuU—uUsi 4jS. b~i> yi 

£t_5LaS 4-al.lrd_ual 4jjt 1 jj 

(J aa dl'_^A»'i. »,«u> . jlftjbU 

dlJjl _aa alaaJI 

V-CS^^J j jlviVl 

aj^g_uu 4 tj^wa (j£aj jjfUj (A 

4j!e. JaliaJl {jLuU^l ^ii-a qa L£>La. 

a jj_ £k d)Lui£j (jjiaj gsaa du=k 

(-‘‘lbob^L 1 4 dixAJ^l y 


4srjJy W* .y 4*JaJi J Apis mellifera 

ba y* Zil*j>j ^i ja JLia iLiaV \ 

. j£jJi j ur J ^jj 

^j -—3 (_^» » J* l l«l& 1 irtj^ t^LAfu d^AXAui^alli ^3 <A .w^Ia, 

. 4-aSVc« ^jaU! t—A )\ In \j i 4j!aj ,-3 4Jlc ojij^ .*ic_ ^\jj IJlj^ f-1 iiiill 
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honeybee colony Jtuslt JaJ 5 j n*'n« » - > 


0"illi _ill l O, • • • <- jua^oll [ yi (Ja-iJ! ij iuL i a jjjSjJ 

ol—l-i aAc j j (queen) oAa.1 j *SL»j A-ajk. OU1 j (workers) 

1—Ob oljQal .(drones) jjSall i^y 

.(Y (JSJaj £ Lilli l-jj±*.j (ja Olijja-aj OlajJI (^_ja j AjmI-Ih 

■ ^V U K ■ ^j _sVl dh* ■ial^j^ 4j^1j ajaw'lmall j^Sjj __ (Jjill (jjjjj La£ 

3 —iOaJl jOaj a y.K -1 i_u\ 2 . ^ 11 ^jSlj olSLJI ^ilj __ jjSill 

0 — Slj jl - a jVl jjjj V (^i jaJ jjSall l#jJS V incubating broo 

^ Jjj=u (^Aj Oj^t’li.na'lj 5ajlAijl q jli-oll (j* Ig.mlllj (jjAjUJ LaS OV)»wall l^j. 

_sl Ig-jj ,jc. £&\aj (jl (jfiaj V jjSillj .<_sjjSJ! oVliil! l^ilSl j! aj-n"inwi'l 

l £ jJaj 3 ft jjc. o J_J^all £lJ 4iT l$J OkjJ v dljSfc 9 j^lm-ill (jc. 

L*—1 (iljl 0 "Nj (Jji t_g i«"i olajj jj^ o^LkjjJI Liu .Jala Oljyi ^ sa^^.^11 
Aajju AjIIc. ji ^bc ja j .bee milk 0^ ^Jc cs^® ebc- 4 ^° 
—Sc. (jjjul tillj am ju -hypopharyngeal glands (jjill AAill qa oVliill 

oVU-iiH ^jj .b ee bread d^jll jii, aJc (jllaj ^1513) ujjjzkj (Juixll qa 3-ulra 

llil^-.-inJl JJj.. ."l .^IslJI (Jumll (jj j^A -tavtVimflll A-pbijl 4 j»- aill liLiil 


.[jjajjll £*Jaj lac lul Sjaunnrfill ^ (J/udl £•! jjl OVlmill <LalSll 



(y lc {j_yZi OVU tall [jl jOj 

(J_LaJ 4*1- J*k 3_ilia-a j- e-ljl 

<■*1 - a.v£i l olS —iill jlja.1 J 

l$Jjja (juoJijj j-ixll fji OVli-ill 

-UIjLmIU A IjT A fllg-4 

J_i >ili ii j (j_ i 

OVlx_ill J__«j (j_Slj _ail 

4_LalS a ji^S l^-aljl 




^»! J AjI/U l/i Vif. j .l^alAilml ajlcj jiaj ■ °jl~' t ~; l ina . 4_aAlaJl£ 

• J -v il l j;"*-/ cAS^all aj^xIj Iajj L l, ijn. nurse bee Ajjja 4laJ 0i/-/aj j**® t>» 


.jj £LJ 1 plAill —i ^\__j] 'f‘ — 1 J *_J< »iall i^Aijail fJAii J <±a_y»liH IaA 1 £ 3 /U -lie <>-> 

t'llj l nL l 1 A jjb 0 i. j l-iill t .il l ■. :''. -i i l ^jlc ^ /..till A t.Vi /ill AAiil J-il’ 

LliVl-s_ill j -i jll jjlls <ljij'n>i/i <Lxj Axj 1/iji li./i’j ^!i -comb builder 

4 ../ilAll Ujl—odjll j—a JA—C. ,_$! (_jl jjanJI (jij (JS^Jl ja Aj*^a ^gJl 

(Ja»j filed bee 4 i^j 5 Jli*ill ^ k/->'> jl (JjSj .«.Iax 1 ! 0 a=u 3 j/wIui/JIj 

i*il ./iL^ uj^U— ill ^cxuojj , 4 _il*Jl lie guards liiLajUkS CjVli/ill 
1—»3jI* 11 1*>ac- ja lajj T£ Jl > • ^ field foragers JS=dl ja el^ill 

1 _ a 3 a1 — C .da — £3 gAj 0jl Jl cLaJIaJ Loj jj JIj ^l^/iil oAA pljl J j a Lu 

Vj j_M ^-a a i» /i nil! ai«. 11 j (jaijll U& aAa^y/llI A 1 /-i*. 1 .dl cIAxji -Ac j a / ^1 1 

cdlj 043 .forager o^/ulmall 1"il ilWi 4 jl/ •* W ill LaAifi. 4 -Vii a AAiil 0i 1 « a 1 

.ojjjjjal! alC. SjaxJ/jiall C ll a.ljja.1 Ami La j._^l a 'i L ■ * ~1 l aj^jj 1 -^^j jl (.la-ill (jr^i 
V 1 -aA. ' 1 .ajj A * j/» jaiV Jilall plii. £rUj! <_yj jaluiJ (j! tliVli mil j£aj 
jl ^Vli-ill J 4 ja_jJtiill AAiil i ji/u_5 .L-Jajjll Ia^j (Ja>j 

(J^/dl_ ij . JaJ (. " . i l ji^ /aS ^Ljjaj >L 5 H CjVI*->U 1 cilia JjLuj l &jjMjJa A«j l fl/r>Jt Ijt'i .mj 

CjVIx-— dill c*lli 01//-1 Ij tt^jiSll ^3 1^33^1,0 Au 3-aiIl 0/iuill Alxl (jSaJ 

^ lii jjlll o^aij-all CjVLijill (jl I_ 3 ^j/i»~ . 11 " 1 'iUln^ l ^ L.t '1 till jUa^U t'lljilj 

J *1 l l 3_ a 0-iJajj ,4-%l-\H Ale (_lii iV li ,li 0jj^al3 (JaIjj A*Jji 1-A 3A& 

_ i aI-. ill J3J AWj SoLdl (ji Aji j 0 jj3>Jall Ale. UakjljAioJ _>aijj jl j ^4 (J^Jl 


0 J ^ . T^ .t< rtS 1 ^ 

jj_ol’j .^La ul l ij 1 ' ^ j''..A/JI j mail 4 1-fj jjSI 4^1ail 1ft ^ ^ 


L. 1‘Laj .AailaJl (Ja.jVl ^lilll 1^3^ ^Vl * mi l j* 

UjV1j<—« il! j» j ijj U—:li jUiLj (jl (jS-oj ^ J ^JliJiil JLaC-1 ^ja <J^e (_jlj ^jSj J 


^aS^L/dl IgjUL/a i—il^ia.l j Luljj UliVlt mil 0 a <£Lall AjLt'u . I 4 J Ajlixll j l^alxJalj 
ljll-1 jAC- L5"?_P ^-Sialli .4I3J llijlS LaAie Igdllsj l^JAJJJ 2 jjj 4 ^J T . jjl-ll l j 


(Jj—kJ J jjSi La ojlftj (j-Vimift Jljawl qa 31 jJa jsalli .(j^aLk plij Lilli 

V j L-Aj^j &ji_a J1 jL ^JUl *liill J& 4£W1 CjIS^ ^ji .(V JLS) jlLyi 
£ jl J5 —jI oAsU l^Ajjk. A»J 4.ilk 11 oipajl 3ilLa]l jilij . jjsill jfkj till (_jjbu 

JJ—— j£ £4 Uljj ^JtSLo jj oAft J £jlj2 La ojl&j . jjSill £a $.1jJ 1 J Ul£ 
jj .- kj Jill £kiaj O' 0 ,ijL ? ^jl j33 ^ j£Jj £jl Jill BjpJ J JjSaII (ja 

spermatheca k—jjiail LJA3 J j Jill j^ JutL.ii Jill Ajjiall CililjjaJI 3kHl 

ai jij£ t_K>ii ^wai J3 oAiJl kSLallj .j^aiiSl UiLia.ky 4.>lall l1i3j l$ia JhTij 


!i _JJ 1 /v \‘ir. J .(Jjl jj .m jAal Juaj La oilft J i—flj.u-i" f.Lui ^jjl! ^gi -Wall Y ® * « Jl 

•SAjAsl <£L* <jjjjj CaVlx J Jl lg.S„VL.j Lo Sjlc. (jialikiVI J jiaJjll J& IgjjAS 

j nij ^L .rkjjj (Jtjjla <-"ial3 .SWaTItling JjJadllj Cll j^utljua AjI jjj 

tdji—J 4S.LJ1 aAA j-oi LjAjCj .o.ljAa. A5 Ju diVLyJl j_gJ jj o j^uOj-laII pjjj.aC- 

^ 4 "h. Sk si 1 L"j j 4 11 lyL ' k ^^jikiLal l 1 o <■ *-* > jj 3 ^ ’1 a'l i 4^1 ^11 

ei j) r . (J_Skill Jax4 jlajjj jlSLoll liA J .aja^i ^ j§ j Jj La oitxii Jj <_JJJ 

.A. j-1> p£Xa jli* jft Lbkll <_JAA (jail scout bees ^^Ualjayl J=ki Jaiij 

J—lalj oAjA 3 » 0 _jax 3 jaa ^ giu l jljjiall J Jail Jjlxj 4 jr,N L*i. ..y 1 jl jS /1 aijC iic. 
1 J 1 Li i *1 tl j SaiiaJl A£LJ! Jk-aVl J j>Vl Sj4*luuJl 

(_)4jl—4J ■ 'i j . 1-^ J l—ft jj—J Jil 4jJ=> J £ J JkU liisj c-liii 3j.jiL.il 

.3—-utiiil jaLhoII Jl uliAll Aic. jll (jia 2-i^aLi, CiL^aij (JaJll ClVLu 

Jal Jajll diVliii Jft frjaiall qa Jlj-« frUll JJ ^a.la, J liil Aaj lift JJ 

.^lllft. oaliSl jlA jVl ^JJl J kPUlml 


Duties of worker bees Ja-lH j - Y 


Rosck 3L ...Ijj (J_skill CiVLLuj CjLiSkl j Jft Ajluialill ("iL ill jill Jjl c 'jjsk.1 

kla _ iii L' ^1 JJ ^AjLacS? lliia kiilika JjAi kllVliiill ji4 tl'lYftJ 

ilj_sl j! ia>jj .AiSkli j jl jia. Lilli (jiajic. 4jlk J mlikall jLa&Vl Cdli CjVLkuill 

k., „—fl i j ^l l 4.illk^a J Ijia (JS1 jSlj 4r» a J jj^i^k'Vl ^ L ' 1 V 1» .M l 



j a (JjB ^ c'jjWa . ^ <LaoH _^j£ £-a _>r*^ O^ 

,j - j jAj jl [jjajl ( «—03! a j&La. ^ ' ■ ^'1 4 jT.fl.nH LpljJI i. ajUri dlij jl IgA^Jji. 

0 

is—* *—4— . flg.flj 4lajll jauJI Lajj 1 V—T 4la-i3l ^Lj Uaitj .^Irdail 

* 

jj Axil ^ —a o l _ a jjll j (^ piui l tj ^ i ?tij j 4 , uATi.il ^jic. I jajS jjjaj uaaz^ nurse duty 

4 aajxL (_ 3 J —ail . VI —«J I QA ClI jljiL CjUjaII l—liC-j 4a. ^aAaII 4j 

Vj .(“I -iil oijjj (jj aj^^aSI mandibular glands 4j£i)l 

1_fl.l'x. j (J^aa) 4aa>_j*1a (j^iil aaill jAi |jjJ jUt^all 4jlc._jj ^jSj jl 4Wol 

0 0' 

Ros ck <J — ^ (_j— s (jjSli jAixll Ljjj Y 1 -V ju La (d^a j Loaic. iLJa 4llijii 

ia_A (Jajil (jUJJj (j iilM jjUmil Ulii -\jl ^Sa jjjil ^*1 (JSfli) ^aiflil <aoifl] 
lI)VU—aB jfl JiiCnJj ^jBjj djj IxAflll ^_j3a cilia a*A .4 a.»aJi 1I Cj > jldaV ^ 

l_i j i-^l 4 »fl \- 7i 1 1 oVIjcaaB I (_ja 11 ^13D i—i ja^ JL^I ^jAxjj <JfcJl j^» 

x-isn c_i ijaz. j— Ifl UlaJl 4A.Tfl.qI1 (jjAxIl j* Jjjj LaS 4 jTflinil jjA&ll fjS ^lalll 



Apis mcttifera J~*Si ill*-* J ^jl^-i jljhH oli aJAll :( ^ ■JiLs) 
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Q—a A _obaIII Ajjl a mJI £_Jail) j A _ A U j HlOllldy pollen A_jAxiail 

(ji ;J J 2 •». u-v N dtl J}_^aS LajjA ^ j~ J dlVlaLuill bAA ; j-La . 3 0,^ 1 dll jilaal 

(J ■■ a *\1 ^_a j -dill Iajj .guards iL«jbali ^iiadt ^ajj 

* 

j_j_S _yu**uj ^ojcll LaJJ V t — 1 * jjj La B^ad glx^aj LaAid foraging s jIiaJl 

A___LajxL AAkll (J*> a ■ dl3_jll 11 a ^-2 LajAd .AjLi^ jiLl \Al jal^all eAA 

(j—a jOC^JL — tilli ^aj .foragers JiaJI ^ i_sill cJalil ^ 3j*A*iJI aa*JI j 
j^—S i >ilj (J- •%!aj Aji V] aJLIaJI ^l^ail (j^> a\»i\m p.bV (Jajll (ji 

.^-all aAA t^Jja yjll jLo&Vlj (JLa&Vt 

Adaptability of workers to different tasks ^Lg-oll CiVULlD ulufu —T 

(J *> 'll tdjL, (jlc. a y»< /> o L mljj Ijj^. 1 du=>i Rosck ^uluj qa a£$ 

d:i j* d j /i»31 A3j jput a!_>sI A^xuuV ajAu.u'il AJaaiLoIl £4 a jLodf ijjjauiil 

itlAo (_$Aj!i 1.4 Aid jLadSli ^ ^»Ia Aa.jj .^jj (J£ Alijli 

(jbj jji AjjjArt\l j* jjS! J j^Ld (_£Ajj Al^sV S.Wr. <lial 

dll ^Ligjl La AaJ J&l j^ld A£jLi (Jixj (Jaall jl _ V\ <u-J_ jAjj 

■J J V 3 jr.l •'. ulj^lUuM AlAdll till} jrfVyjl L—ijldJ sic. duji.1 j Aj jrfHMum 


^j ■«■* djIjUalj A£La {La j*Jl 3‘ij,’i~> diVLLi jjpi: 0^5 j^axll CiVLtui 

(jl a^l oj nr, ^111 (Jajll jl jjliJl bIA Cjj>3 Ab^jj Ac jli dll jUbI jl 3-n>i> 

mill iaS3 5jL4jl ojj&C- (_jUl Jaall ^^BUJ Bjj^jJall Aid ALJaaJl (_5Aij Ja3i 
Cjjj Viij .5 jajS ^aa _JxL jji AAC (_j jboj (Jl jLa Ail ^dj *.11*11 (JiaJl ^ 
(_jl oj/lu^ ^Iwaj AidaBoil AajjjiI foragers (Jsadl (JaJ ljS-aJ Ail w_ijLaj 
»J ■'C- (jUl (JajJl 11 a (j^> %Y • __1 A^ajullll AAxJl (jl j AldxaJI JaoJ ^Aiuat 
l^'g- (j-aaljj (_jJJ-di (Jajll jdd J (j jj (jl l 8>n~l^j (jSij BJJjS dlil£ LajJ Af—V “1 
(ju—^d jjId j . a Lm .^ 11 (jd ^axll jjS i nurse bees AL - oail ^j-all ijajll diilS 
(J La (Jb>J ji ( j...^ (Ja_j j^a K (j^SjJ dll^AXli.axill dlilS La Aid AliL-Jl i_ijLaiill 


ts _3 Aujxjua ^-a JaSS AidiaJl Ajld_}J (jjjudi (Jaiil lAA jl Aidxa.j A£iLa ^ 



aj_a Jaill l3A J 2jui^*L (jjiil 33*11 L» jjlc 

__ Sjjj__kial 1 3 ic [Jaill jl 3 a^_ Jialbj . 2 jjl£ 2 ^l& j 2 ji»iiail CiSiij 

(jSyaj lAjjbl i_ljllaaJl 2 rtj .all l-JJU«J 1 l 3 gi . Cjl jlbyl ^ J ' J 2 jn outll a 33 & j«aJ AjAa-i 




baji (Ji u-t -a i l _ <ilh £a j .worker’s glands 21l*il1 33i. <_sj_^la 


33aJ 


-I j A lllVlT ill lillai! 2 j-q_jxL (jjAll 33*11 j-aj £ia LoAjjtS ^Li.vm (J*£*11 (jj^J 

JSall ^ ^iiJI IjSLlo iiajaj nursing duties 2jJaail 2jIc.j 


^Coordination of activities of workers cjs/ULiH ik*ld <jjuAIi -1 

j ...li** J t_l %j 1 *. >1 jil 2U.V.i jjJi a^ymlijudl o3ajj (jb£ ^Ic- lillall 

i_iL£j£1 2jc\.a*i>yi Cil jiall jllic. ^yla 2jj3all tijLulj3ll Jj-ojj -La 2%jlaj 
'*~'l *■;" 3al JaaV 3ils . JjilS jiUafl <UjjjiD (j-a Lu_Ja lift ^cjjj 33 .(ill! jlajl AoioS 
n_^Jaii J a»M 3jU \ t cA /"'s 2»Liaall [Jaill 2 jIc.j 21*..* 1 $. \jli 1 4ji 

2__Sjaldii OVli-il! a3A ^ya. a£j La Lallaj .2-ilall ^3 (Jjajil La <ii3j ^ C_'lc.L_i 
i a .yL JaLiill 11 a c. (_j!3ajj 2jjJaallj tilljUa^l ^jjac. “wandering bees" 
iliLojl**!! 2Iaj (JS ^aaj i_iLiSii_iy) s.Lui <jb ^1 jisVl ^11 (jj! liAj patrolling 
(J*a*j 21j%*iall 21l*il1 Aiib-oJ (_ji!l 4.m"il1 J . lAal^al 3l^all >d 1 Qc. 

(J__asJ 1 abV baj3 j)J. I nS 2_aiJLsl) 21ail1 ^gij 2iuiLLa 2 j£jLji 2 V-ia.i 1 [_OLb) 

j\ Li VI dllil valla a^<rt~u n/ili ^2 ^la jii 3_jaj ijl (^±aJ) j j L.1 jSl . k—)_yiiaal1 

jjt j_£1 La& ,2alajl (_pnJ ^ ^aaall _jaj 4jij jia^l 1lA (jli 

tlili^LiaJ 3aj La£ .2jjJaa Jjjaj 3it V] LaLaj 2JaJij ga i ■ ^ 2aaj*lj J3il1 

Cj’ili-uill ejJ.Ttnll Cj'VlJLiil lliUjJ ^Jiall 2jjJaaJ! pile 2 jj\j 2jjLo;iS 

int j»1—& Townsend & Shuel ^Iji—51 (jJ 11a CilSLJl ^bli jjj 

CiVli—ill jj- a glandular secretion (j3»JI jljiyi Ji ^ «iils!ibal 3^a^j 

<ajj fj\ (_iaj 2. ilia .all jLaC.V' J Cjliiiail (ijli jj j\i 1«vj-s. lilll (jlS Ijlj Ailia-all 

^ nurse bee 2iublal1 CjVLlUI ^ right category ^-uall ,wJ11 «Uiill 



tiiljl_Lyi u _i undisturbed colony Aj»j;L oj^utwi <j! J AjuiaaJI a*.jj 

£>l_till L-lj ;%j Jaxil fjA jjli-a ^iuu jUal JS J L» ojlfij .AjjSJil 

<ilii tlixj ji {jjj LaJjj AjjJaaJl till jlLl j a t-.ii\% J£ J&j 't_il Jal lie 


h«< 1 ■ —>JjJ .Jali £-111 t_l jJa.j (Jmirll (jjli-a lJJAJ till jUal Jpwjj till jUa^l 


jj _jS a l^ll la.Jj (jjoill J (Jaill LaKj A tun-til till jlLl Jc. j j ajuali (Ja-ill 

ft jll —jj .store combs tiiljl—LI u —le jl j* o^bLiil aid 

I_JJ ja» ^1*J4 J§j a J4 *A«ia 1I ALuiil j£ja J jV Jjaj jjajtdl dadl jt 
t fl\. £.j jh jl aJj__Ln4 liA q) V] AjJ jllI 0 jjlSi ASjrt«Iui4 tli'ylLi* 


(j i. ml l*ill 11 a jl j.Iyj ’.' jJjxxJI (JaS aj jmlma (Jxa j-u£ ^ala-4 J (jml ill! t_L_ajl 

j— « frll -all J jl] 1. A— <ti> a Ol _ ij*ji Ajakj AJawiljj SjJiS AajIj 

•csji.V ALu 


2 U ..ij» AajLII Aall jllj Aijiojillj tliljljiAyi Jl (JjulxII (JaJ tliVla-i 1 ,i'w '1 
SL.^n ( t i JLlt tgjL-aJI li_A JS—Jyj cluster of bees AiiaiJI Ja-ill 

. o>“H 11 a j! jit ^4 plAall (Jai Jc SjjIS jI jiVl jj£l l^Vic. .4 j jj (j 111 4yc-l<3a,y 
Jll ALkill ^SiSi j! Alai jj pi jsJ j^ l$'lml pi jail t-ilLi (J sH AlajJU 

aj-LS regurgitate jjj I^iLJ j* ^LoVl pJ> ll ^LtiU ^jLijj LL 11 pliall 

tlffi 1 n/ill jLuiluil tjjjA iy> ^LS AlilS CiU^pj j jl^oiuilj AjJilll alijlj .plli. 

A ..Jal (j _—9 jAi (_fl]l c.llill (jjSljj A i j-u u Aa^.Jj J (Jaall Iclull Jaauallj 

•honey stomach lL**^ 6* J (3^j J (>« <j ji>.V 

.(j—uud! (J -■ * BJ4I4. _W14 J jjl (j4i pi Jail t l*i^ ij ^jjxj (Jjj t jjj-gll J JaLSj 

(—il ^__m (j (J__ Y * J foragers (JLJ1 tiiV L u l l ujl^ill jJ J ^ I jl 

* l£L_ i 4ii i>jj .radioactive phosphorus £*L> iuis jjL^i Jc. <jy=u* iSj^ 

L- .Si g-l« ilil jJjiaj jl£ ejaalutall JaJ qa %** AcLu Y £ (jSlij %YY tills.Lu 

u —L*yj t_iLy (_j ill Jaill (y» Jal U y& pi jail (jSlSi jll lLjJI j! ji .radioactive 

* 

el_ljj plj_iSl ^u/u {jj!l (J=ull US j*c- Lujijla (jull J ^Lill jjS LJSj . pljill 
(j aill (j_a aj-vtljnrtll jaj jV pljall (Jj4j L.iimll 1 jjl LlsJ jljjj <hSimj 
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> j , 4. a> J) till jLlal J& Aa-ljli jiij^aVl Jl (JSidl (JaJ jAj Lim jaiVl 

( j_S*aj I A. ^jllll frl.lill Aac. jj a jaxJuiaII jl jil til jJj ji jiaJ 4SJ Jail 

' ~ t jj aiilj .pllill Aj ^JlLj jl jiail j^ (jja^jll 4j ^ . aryj (_jill (Jit-aA Jjlal 

fl hj £*aaill jljilj {JwuJl jo jijj JJtlajjj A'uj-uJl Ajjjj J jjjj frliill Cjlllial (jS 

»j--'i ..'*11 .jlj—it tlljJ— j jl (jS-Aj fl-iill Jij Ajl jjisl jlsl ji-aJ lii .till jilaal 

* 0 * 

.tillil llda Jc-lixi j Lsla.ljj L^jLi, ojailLall (— 
jC- tllLajla-all Jil tllVLcjiil A lit all JaLj Jl jj jll (J jikVl (jo 

aj-asj—uui J juj JaSll ILa -Pheromones lili^jJSl ji 3jjLuill JlLiJl Jja 

( _ s —L^IaII j_=JI u — a J A _ ltic.1 Jjj j-lJ jjilxall (ja^LlL {Jajll 

^_ ill till! jaaill jiLtaA^l UJl Aj^j jll J*axl! Cjlij-oji j .atmosphere 

lj jlft (J ..>/l*U oil ■■ St JaOO AiLal! . ■ ' ^ V r l"- • - 1 jll ^tu3j t**'^ . A_SJLa 11 (j^s 1 * 1» ' U 

(_£_jVl cM Cj^Lui j}4 ojaiLia JJC. jl Jiill Adnail Jj ajjiLua tlj^l r i* " 

j_a CiVl*-tih Jam! Jc. jj-ojill !i& Jasu regurgitated food £j_JI pliill 

jj_a Jll (jLaLiJ Jl LiJaj! jjjl Lai j»aj -Lnj Lai ^aSLjal </)ljl.a A-UJJ 

t_jj ij 1_ aS Jo>l£31 Jkiiujl J odoriferous substances ^=Li' j a'_J 

ia_ ±L& j Cllilall AlJJJ J faLsjJ t_sih 4-lilall <Liill 51*11 jl jS^ 

lj^_ajlll llA .cjUjll jljJa (iljjl A^lall A jjlq a l jj£ill OVl i till (j ^ajL i a jaj 

.Ijjlaall jl jJa c-Liol l^jSLa Jl tllW».>!lll (_$ jii tliljj^ji t_ijla. Jl L lJtj I 

J-ii (Jll — taj ja a!^> 5 <uaj food transfer o-liill Jsj jj j & jiull t_i jj-cu 

- jL-’"; A —>_oliJl till—jjajill (jio_*j jjjall Jajjj (JSalu (Jlill lili ji V) ClLajl*-all 

> -t i j . L_iJhjl Lj -~^la (_$Ai3 j^l^ Laq l&jljjl V dlVlijil! jl Lai .aj Awtm . al l 

^ -til ftiftll jLu (jjjjla j£ tjaalJl J& tllVliiiil I 4 J JJjJ jll (jJ 3 !! 

CjVU -til ji-aJ Lai A n >> j ^sii1 (jajl ( *jJaj (Jl*-aj t_Lulljjj jjil! J A_a^lJ 

L_61*jj -ilaii jll A jt aJi ll L^liil JlC. jla jc. (jlojl ^ ■ ■-» j (J-ix-a Jajj Liaji 

A U • 'l n ■ A^jiall CjLjaJll j! 1 111 ■> 1 allx-a AlDLtll tlill jV itili ^aj j %ij.ill L*Lilii-i^/ 

j — -a la _j J Ljajl ^jlSll l.r> im .tllljUaVl ^Ljj Aiwaail AjjjjI tlaVlioiH Aojj 4iiall 


-0 • - 



(“’ll. AJ OVli —>al) uul g“iUj JJ gjjj jll JaIj* 1I gC. <—iIajIaaSI 

•agjilia AjIIjII 


Why workers start to forage? ?JftaJl d»VlLu»fl 

J4*j IjLJ (jc. (jVl JJ ' fl * r - fkll 1 itSSj djLajInfill gA cilUi <jlgl_a 

O—• ‘foraging Jia-11 J**il j»l$-» JJ house-duties V^' J t> 3L.01I 

■fcsl. Vi ju. it i nil (Jaall Aajj klu» 3 'iiXa. 1I giic. j£j-a 3j!A^kjJ jl 

•3gm«J__uiAll (_il ;,is1 oLaj g<iM TTlj |li ^ 0 J ^ V0 j-. i Jy< gl Je ijiUUtmll 

3. >JJ> (J-a5L_jjjj jj—ilAill (JjLalll Jalu jj 3il 4 Jill OgiS L&1S 4i! (-jjjjLAj 
Ifl -IuXfl (j. -j (JajII djVli-Jj oIajJ jjmflj J AcLulJ J9 li& .Ifllilift ^Jl ojIgAll 
<Las> ji) jjii 4ij5La ^ ij-n*i J . gaaJI J (" uAAj Lal£ aj/ml n/tll <_i! Jai AU£ ^ abuI! 
g,,— nil ejitwall idiVljt-uill ga gjSt ojaS Olj dj^ljui]l lilij ;JiVl ojIgaJ! 

gt J—Aii-alt gaj (JaVl ajlgall CjIajA Ale. jjlajj «Un,Ji.> Jlajj .Jgjll AJuLca J 

Ji,'_ jj Vj__j\i goxlt OgS LalS (-_u*Jl iigJ .<. LSjII Iaa Sji aIaJa 

.t5gvi?l ejauuall ClUUalaj tliill (JSaJI JJ ^ jjikJl U^jJjjjjoS 

4 >1) (ji tJlaTlvl g» AaJj (911a gla dtfUuil) JlAcl CjaIaJI U1S Ail gAa*Jl g£j 
tiiu»*lii.>iyi JJ gJjU OVliditul jIae-1 jL‘A jU .g jpJ. fX/M Ai 4 LuImi c-l-iSf l^-ix c ja. 
t JUTuv’yi IaA jljgjj -rijto-v ^jLutalS og>oxluuJl J gAaxa^ gfi. 

0 tt 

.1 g jUJj <Li!Aj ^jS AjIaJ) gA-m-U ISjLj ijliala CjVULmI II tillj gj£j 

^ jU-wU j>l . /ill gjjJ! jj SgjlSH 2-k-aLi. (AaVIam ^laie.a Iajj 

J3k (Jila ^US ykiXo Jia. (JaC. gA “Lola ggi! CiVti.Ja CjLsSAj AjljIIa 

AcL_uij Iaaj .pIliilL AaIjlII (_Jjj-aLa-<JI gC ( * , la )" J l^uiij pliij gx Cj^ l,» Jill ga 

^_& pyit .. Jill Ala -»J aIaJ . j LaA'iC- Ajl JiaJI (JaxII JJ Cj*^la»M1 ^jgi ^3 

(Jj^l*_Jill (111- ^Invj A j lea'll Jl£ jjiC. U hOJ jl (JSa-ll gx jVl gAijSI g^SUj 

CS)l l«.' >all gn g^Sl AA& Jajj llu gi^Vl la-Jill ga ^llxll <■ -JJaj egjaj-aa]) 


(,. 1, -1& 



j_C 3 K '-vt i £ j_ija J_JLaJl CjVb_»5 Cll__j-<a3j ja* 1I (_gi ^-ajSlaSI 

. p!.lijl j-lLumj 
I 

Duties of foragers 

Ji £l_alli (_i^3hj jju Ajfl ^-aa3 tgiji forager J5^. 3Uiji 31ajll ^ LaAie. 

3—(_s—* ^ $.1*31 j propolis o^siSJ^ 

* <j-JjJjjJ 1 CjVl.Tj.riJl £A*a.j .Cjlaosll JjEjj 3j1sJ 1 j-ia. JjSui 

^ afe CiVl» .Mill a A ft j! djAj jji J^ririJI qa IaI .3j1a. 11 Jib 4 j ^juoIJI JaE. 

4_*aa. j»l^__riU _SUj (j-« ajflT~iin/ill CjLa.Lua.1 a j*5Lia CjLajIxa 

* 

.CUaI IxJJ -LalftiSaiilj 



i a jaA"il 3-alall Aifi (j^lj 3aliJl ^ jJij V s-LaJl jl (jjJxJl (jA 

3 —SrijJ (jiu-iiJ 3 jlaJl Jib a jii jj jl honey stores J-a *11 jjU-a (jiuo 
house-bees ji —ia-oll J*ill J l_ uuuj .< _ iml ull a^JI qc. l^cliSjl Aic ojljaJl 

Cil_— ajLlaJI jjl j i—n foragers _jSll J % ill 3iWj ^ ill pLaJI i-V'iuij <_jiJl _jft 

J_lj jjl jAjjj .La Aij^iaj jjjSJI ^jjjjaJl Jadl qj> Jljj pLall 3 j>l%lb 3jjaLi>Ji 
3 ■jil-ri dlift QJr^ 1 /i. N V- 4Jl j£a Alls . Ja*J 1 15ft pbl (jA q£aj Ja-jJI (jJJ plAxll 


1 _ftL£li ^_II SaIL*!! JlaJl CjVJi—i (jli _ a_^o*ijjiASl Jib 5 .Loll •a bAl . j y a 

3&J • '] olilririj 4jJJ 351JJ jl» ■>->!! IgjJ^Laj Aaj i— aai-ull jjxxjlb j\ pLallj 3 I a . t a 

1 __a J_iL Jaj Aja*j ^ 3 jjtjl <3 Aau J£_}a 3b-a aII JLaJI CjVliiA 1 a\i > 

CjVIt..- jtill ^j>t«T>j e-Lall a_)<jT*>,i^ll 3■j.l*vi 3jualaJI 3 ^_j1»a 11 Jijj ^jJUJbj .<Liaj 

^_3 jSjriiJl CjSjJI Ljj*jj t aiA ^11 (jAa.^Jl Ji pLall (_j3 

J__5aJl CjVIjLw (jb ^Lall 3 Jkl-t CJU AsiJ V LaAaCj .^Lol] 3 J>\1*v.fdl UJiLxJl 

t a j Vi j a*b jjrift Lai ^liu^l l Jari ill 3j jt . si 'I'V... pLalb 3 .1 ri ~ri ^V l 

* 

j_a_i.j j—S j .1 jjSji j!i^Vl Ja^jII JLa^i J^riil house-bees jj» > ^»J I J^ih 

‘ **»yi» *<H jj_rii J—Ja jac. 4a/\j\j pLall 3Ua 3^Lx clli& Lij^ 3 LaAic 4 jI ^jikbll 

fjj _£j 1 t> l''K. (j^J -£13111 Jjri^_j]l Cj!)La.j JaSj dJj ajiiVl LS^jpJ 



IJ - j jl aIj 4jl£a L «' « jk jSS (jAall o'i/liji jlj ftLal! AjyuLo 4->lrw liiliA 

.4*5 ja (jft 


(3 J"> J ji.^1 (jbxjilj ialj ^-IS] g&L jIa jVl (jia«4 ji (j« ^cjll 

* I 

1 - 'j y*j {j jil (j* ^4%) jl (JiaJI (j£*J ^ISill (j 4 cJ^iSj 

jl (j jn. jll ( *o-nJ 3Aaj3l alajj jailj 2jjS ajLisj AajJ V j .g»ljiVl Ji« a qa ^Ulll 
L_1 j ^ J_jLJI qa J6 25j5sil Jj . joall £-a ^Ulfl 

Jll 0 *^Uj£ 11 (J^an ) cilljAj .(_Sjal llDlaj J (Jiajlj J ^ISIH 

(^ya —xj cjil > (_g_3} liA .JaSs ^151 l_JjJ£w £*y-J ja.Vl (jsvt >31 j iaSi (3^J ^^>~i 

• cl>_3jll (_jaij J (j*ii qa £"H1 i_ljia ^ <>■%*] ( m 5j*Si\ OV L lj jM I 

V—ilia 3 _j*l ja jl 1 1_ 4 j 4Sjl m ja —ijJaj jl j3t_j£ {J tali (J—aj (jl-3 111 

.ojaxTuHali 1 ''I O.Wy 

Factors causing pollen collection 4 ^u*a!1 -V 

jj £■ {j ja Jl ^ 4'j..,/itt Jaljxll (jc. 2iu£* CjLhI jJ l5 _)^j J 

(jl 1 . —.4jja*ll 4idc J 4fcjaaail (jja Jl 4ao£ CulS I jl La L-IjjxjiII 

*1 *1 <_JjAa qa 4<L~.~' laj Sj/urTimnll aJjajall 2 i .>■->- U 2 ao£ q±i La AiLLiil 

A_r>j dl_Jj £*j -iAi-JI qa Aija JJ Ljaj) grllaJ ^15131 <_>jia Cjljj jaa (juj 

A.iu.11 Cjlijl J <_J_j±a ^aaj 2.\.»>iall 4 jjjj jjj 2.1aj-a 3£Ac. llAajft (jlaxj 
(_U3_ jjll A’i & (j_ jj (Jalla lLCIj (jS 4ja*,J-a 4 jLL^ tliLaJI Aat Aa,j Lafi .^jtl-y /ill 


^jaljl ^^3 tllVLtaiil <*>J (jjll ^liill UJ^jia ^joSj ejAxikJtaJl ^2 J^a^joll 
lj_l .(Jalia (iDLill qa (j.)la i a (J*a*JI ^Lu]j ^11131 ^ » -a rv (jJJJ t 6ji<allj 

A _^j ^ If- 3 i,>i-sU 5 jjjj 4 r- j.'-Lyil l 2*31131 L-l^JLa AjaiS La (Jala-all ,ja _ 

(jaalL_S A _aa£ ol jljj_j AlLj'vmj ( ji3 .2ia3l <ja 2jj«.<i ulilljl (j^a_j*aiiJI 

(J_>«aJj a-1— «J L»j (Jjjj) qa tllljLLyi (j_jJC iijja-oll ^ISllI SlUplllS 

_UI JajjA * (J rt3n . nf .lj jjIjJj JWJJ (ji Y ^lui3 * V * jaj Jl Ujjjj 

(J.) jlj ,Ya_Ui3 V • ja I Jj oUjatjall <—jjjvll *UoS (JaOJjl (jiijLa Jj jJjj£I (ja 



* 

_jl _J (Jil— SxJ 3j jiall £jbll! 1 —4) j j. nil ojjill ClilS tij La l aw s I j 

i_i j ''■ ilj_ j) ^—le. 3ijJaaJI 4ujj jt 4i<jiaJI 4-iJ jj ^Jc. S- 3 .j—- income 

Q _J ^ irt'm £_<: 4j. j-]7»-IJ A^Lwaill 4 aj jjll ^gjaia (JSji 4 jL5j L_TUaJ (jSlj .^ISlli 

.^rj~v l^i (j^L) (jl J^Tl-v /iH (j>i JJjaiSjII jli ID ^-Islll 

^1_All! <_.Jj—Aa. 3 —jaS (g-._ic. _jjj3 o^.a.ir*ita<all ^3 4bjflaJ 4 jaiS (jl £t*Jaj ail 

^gjt _9 ^'j (j^aSj till 1 i- I'.ui o^mliuui 11 (ja 4iJasJl 4lijl .^C_j^Li-all 

£__jJa^ Lajjj .(jaa jajtv ll 4 slJ (_yi& £ 12111 ^.AAj La_ja£. (J2aJI ^gi ta l l 

^ _ic A.l>J~>ra.ll jljial ^.UCI> Jpjjj .£12111 C_ljJa. ^aai <C_^ioU Jujj 4itJaa. Jjl jU=J 

5 *■ *1 11 Jjj/LLLlI Liu J . Oli ^g3jJl j_jlail (jSlj £12111 t-JjA3k £a> 

house-bees jj—ij-all J—sill u —11 l^J'u^i SjIc J2ii nectar-gatherers 
_SLi^l £jJsj pollen-gatherers £1211 ^jjas. ‘J^b-aL*. q\ ±sj 4jLL 11 Jaju <Jib 

Aal jLiil iil . 4uJ-i*y\l i_ijj*Aill j (jj^ijll a-jL^ill 4 j*aju 11 (jjAxll (_ji S_)*ilj-a 

_e. jJ (_£ J-II (Ja ill JLJI (J»j ^aa^Laj l&J_jLu 4jjJaa.ll 4ajlj (jl ^gll ujLajl! 

0 

.^-1_2111 i—Jjja £jt> (J2aJi (Jj'Uliii q iiaJ Luji. (Jj*t»n<i LjAa (JS jlS 4iiJ n 'N il 

^ V-J 4ia^i joSVl (Jabtil AjjJaaJt 3 a U i -1 J5-. 11 Ojfb juJ ^ 1» all a_jl jjSy 1 (JS.i t: j j 

_ J £l-Sill £aaj Lajil-i J2ajl CjVlajla 4jlj (jl (Jjla-al! (j«a — tilLl 

4_a^Ltjail (J_2aJl 4ll*__ii ^-llj 4 itjS jjSl t_J_jj2i (jSlj .4i*JaaJI ^-a ^j^iL^all 

(jjjflxtii 4 j 3 j JJJj j^ill ^2j-all L-ljjli Uc.0 ^bh! <_J - 1 % j-.4.„-ll 3-^Ls-j 3j-<aliJI 

(J a*- II dlVLLui \^1 ji*i ^Jili 4 xaj 1) (jjj*ll (jl p ^L*-all jva .^12111 : .'j'^ (J 2a -ll 
(JS_il dlAcI (jjJC. (j*J 4LiJaaJI (j<a 3jJjS (jjSj La ojlc ^11111 (j^ ljiLaa.1 

3 laill (jl (J/i'-t oil (j^J .(JLaaSll tilh (JLiil^y ojjia^all (J-ijJlj.ui" (JlS (j<a 

-Ja. ^glc (J^waaJI (_gi -Ajjjtua Aaj LaJUC 3jjJaaJI (ja OJC- (_g& JJ ^gjll 


. 1 al 




.^-1_2111 e_lj-ia. (JU2lj»y 4jxA ut i jjJfi j^-aj l^jji Ijjjjj ^gjll CilijJI (^iiSl 

‘ > 1L. oil—J j ^-a JLuki (_ 5 23 j 1 ixj ^jll jjJ*ll iic ilijj ^2 jjUI 


jl j£j (Ji»-a (^1^ 4 £. j ^ si -\ j>I 1 ^Ulll 3aa£ LaJJ I j& (^jl^J .IjJ OVl » .i * i H 



■ (J—taJl ' *'*/!- ■*•- AAjl>Wi jll C \M cijiaJ 3.^..yiA. a£ jUJ AjtAni«B L^JLaJ) 

JLttlj aJj*Jl j £jjill j4 (JiaJi (Jai jS^i jll 4t^u»ll Jt d>* j 
5-11 jl .lit AiJ (j^axjli -l>j ilya, (jiaal ^tilli £» (jlal jjA^I llA Jljjj .^ISlll 


U >j LoS C lllI1 <_Ijfx ^o>] (JLaJl dlYbLwi ^ j ja. jlj jl • jmIumII ja ^lilll <■ ' j'*. 

(J --•vl 3l»rfY% dll jUal (jji 3W i ’— (Jbial J AJLual £* 12 t_lj^ ^Jaj Ait Ail ^£uujl 
jl»i J IJt j nurse bees AiCaaJl (jtljH W? (jumll 

.^ISlll (-JjAa. (JtoJl <_SAjj Jill djYLcill jljaJ (jiiia-ilj AiiiaaJl 

j—ilia ji uh Clll l^>iu Jll AidaaJl jt jlaill _Jaij A£l*il 

^1—SIB t-jj— >•> ^ rt> djjt .foraging JSaJ) tU*il c/lfLcill J. Jc 


ClVl*. in £ jja. ji Jj JJiio jsjLSj A^.jj La£ .SjaaluuJl ja A^lall AS jl Ait At jauJ 
V^i jllj/ml mrtll £-a ASjlLa i*il<l.« ^jj jll dlljm'imail J (JSj (Ja* 11 (JlaJ) 
Jijl—S j CIUAj.i. llnill jA JjSfl AHaJ) J ASLdII jjajS AjliS pAt Lojjj CilSlft ^ja 

jjj queen’s pheromones a_SLH cAij*ji J aSLJI i_iL&. ji J ja£s 

ftJ ji w*> AtJA>.4 ASLiII A ja. j ji Jl <_JjIajB Ja*J Ui . (_jaa. jll 

1—iAj .dlljl-i»yl J ^Ulll l-ljiti ja cJUsii £dajj (3^jH jjjiil dlVlijill 

ji A. ftlrtH I 4 ■ -. > 1 » jll dAija jjll ja Ajjjut A iaS ftUljJ jlS 1 lj Li (- a ilCifvi ji _jjjL»31 

.^1—alii uj - j"t ^_ja ;_yai.Vl Jtj J (JsdJl (J*— o-lL j Jl (_J A\w^~>ll 


.a«\a Allot (‘lUjikl a! jJ ijli AlU jt diul£Jl j.'LH 'j 
(J ^ <11 j 1 jii (JL-aiJ JLjjj Jt jjsi c j' '~ > . 1 ( _ s ^l»ll i* it ill Jiljjji cLi jjAij 

(J—sVl 0 ' r - cJ^ L u J J (ji lilliAj ft JjAa fc Jjla <■ il itn^^ (ji ujk/ii l juj A >oi jj 

0 

■ Jr.ill (JaU J»,iui/i ^ialj ap,liS ojLi J JLq ' ■■>»■« i 
Foraging behaviour of bees -A 

lJo Jiiallj Jaj Jt CulS cJlt-all 11 a J duja.5 jll dlLiljill jJin 

J aJ dill J*j (Jaj Jl Juc-J Jf»4® Jaj Jla jjajll J» (J_p.i g^l jii Jt 

tj . au j (Jajll jj ji .Ait t’lpill (jjlu lil ja.Vl (Jaill Jliuj Cua (juudl 

L —M jl*j^' JJ ^Jf^J J jU jJ\ J 14 UI 


-so- 



.3jijljllj JLillj jjlH 


— (jjjVlj j—ij-oVi (j —Aj u'>—(>» jf«J ®j^l ii»jll 

.( —Jl J—cJ - u*a 3) ultraviolet ^ y ^ h h <jj£llj [JjjVtj 

jj jj Vj jjlll £•« i-iftl} Ajli jIa jVl j' 4 -i^lj jjl (Jaill (S**j L a Ais. j 

j\ AjV -3—ialj (jj—1 (j—« jj^I jg Aie lillj £xj ah.-i a jjl (j-a jIa ji 

jj <Jj 1 a (jj—1 (Ja 1 _ajj asj ja.V jjl jx lJ^au j! jajll ^.jW~unj 

Atw (jSij (^jljLiill ^»Ll 11 (JSjillj jIa jbU ^Axll (_K.M1 ^Ic. ajAsll joi-lll • JA<ox 

£- jill (jjiiil AjuIjII ojAi-aallj ALjlall OAjUill jjj JlSiiyi 4j£-uj 3j_^-£Ljli 

.^A&ill jx 3illi-a (Ja.ljx ^ jIa jVl (jjJJ 

j'l AaJl jj 4 i x jji Jaujal <_JJjAdll e jAill AIj jjlaull AoJl* ^-1 4 -uAa (jajll 

^Jal—uLj jjjll qa IjajS (Ja! lAjAa Jaill ^ juill A-xla lJjAjj .^jljjl! jx JajlaJ 
^Jaj — ^ V •!— jjA j £ - jljjl ^xg-a lJaAiII Jajj Jxixll (Jaj3 lg£jAj jl jLujVl 

Echium vulgare, Vaccinium jL_a j\ jjx ^ wi’ui ll ^Liljjll Ifr x Ji j J jl^yi 

oj —& jll ji i-il—jjil —«ll <J£—Jill (j’l jx ft .jlbj .myrtillus, Linaria vulgaris 
3_lax]l jj—£x LaAifi. 4jl V) iA»J jx t'llull j-v il l A-i y a jA jll j yl 2_i-aLaL_$ 
ill lilj ,»jA jit j^l olAiApil (Ja-ill <-uIj ^jlc. 2Laxl jll <Jx*j ojA jll jx Zjj j£ 

.l^jbj (^Jl o-ilc. ^Joi' V foragers u^bll jb ojA jll Ajjjc- <aJs!j 


)1_Ajbu la-all oj-kLail LajJaj jjS^l ^-auill ^jA t*iN*i ill J q* 

(Ja-a Jaj jl jjJj] jjou a 3 Ig-wjj adroeicum —11 <J V) entomophilous flower 

Cjvtiill jIaJj! (jiljJJj .Aajljllj jl Ij^jILj Lai CjIjJoJI L_jAa Cj^Lilll 

L. a'l* -Li. Jl tlaLuala. liij dlloll ^loiil £a -Lajl jll (jia.jll jl jilj 

3^11 jll J (jrajll t—bjJJj CulbJl (Jjijj .1^-aLuial ^Jc. 3 J- ■ >.Ia 1I ^*11111 i_ijia. 
ojjil AxJ ^illS ^3 ^glll jIa jVl tjS (jia-jll Ol jlj3l *ajA jll t_lL-aa.l i Jt c- 

. jljx-all (jx <Jjb^ 


— 



Nectar and its collection a*a*j 


A 


g—null gj__uu 3 |j nectaries <j—^ajil jrtlil ^4 Auauaau.J.1 jjai' ji IJAiJI 
a V'll —J I—aj # j _a jll j—a s jj— iS pl_>a.i (^3 nectariferous tissue 
diuLjl -■-at j filaments aia^V' Ja_«A ac.1 jlj oM iJ I j j receptacle 
(aaa-jujiUaI!) 4-j.AijiJI pLwac.S/1 0 j-Aj (Jja.jll jl jil jjbj ■(gynoecium) pistil 

f 1 jVi ji (JjVl •»J Jl (jSljU La jail jl ji'iI La ojlcj .ojA jll Jd*4 Ltiuij 

«jj _si (jj_ Sj jl&jVl pljii (jiuu ^ jljsjj .Sj* jH £tlij jd (jljVl <Llsl) 

.lAa* iJjiij 

4—a.Jij (3-iajll jljSlJ liu lAAic. threshold Sjjjjuifl Sjljail AajJ 

3 _pUill pljjVl <— s^LaL LlAjI <—tSlaj j! 1 i—ijjju La Ac. j^ill j^laVl ojlj^il 

Jj. ^1 -v a 11 _jj L-jAli^sSaJ 4 ji jAj ji (jS-aj ^311 jSLaVl w " > ^9 AcLuijj 

j r, (jjuuLall ^jJi (ji jjfL jiajll jl jjl ajl jail iajJ t_iiLauj . 4 iiAaB 

■j _jjjJali JAiuI' CjLajia jb iIAjjSjji ji ASifct julxj Lua ^juiL JjLall ^jjl 

Vi \~k dll U -. b-.ll j A— ,jffl <jjlaj Ljajl jjJj jSj .(jmutiH pjjJaj jjfcj f n-Jbiu <J jll j 

. jjja.jll jd a jjiall A lnSl l ^jla ojA jll ^^le. ojjLall 4Axil £9jaj (JJA, jll fA^J 

j!j _ all j— -a ojJ—_jtu3 t l ll jd S jX&LiiU j£lj jSinl) LuiLuii (jiajll (J jlaj 

aIj _Jl aAA j* .<1a a»j (jill J^aJI tiAL^aj aroma <_§£=*jll <_jic. <_sj.iVI 

Cil. ifijjj j polysaccharides baahIJI ajLj$LJIj ojLJp Cjjj jj Ajj^ic. jiaLa^i 

jjlSjillj jjjS^Jl j^a (jj^jll (jh AjjouIjII tU^iJI Cib jSjJI j oLijlaj AiLajjilj 
CS— A 4 ill'Null t'j&i ^3 oJ j^jaII AlaAI (JaVl CjIjj£j-J1j jjSjiailj 


1 JjLxj Ale.J . jjjjjjUlj jjlljjjilij jjjilLJlj jjiialjllj jjjlUl 

'A _l:lj (JlA'i j^ Aajj Asllv /ill CjLjjS*JI < uni ji ^jj (_ji Aji Asaj ^Ul 

i.. l .jSjl Ola (jJAjll ji a^.jj (jjLu p jl At A ^ jil A^JjA 

JJ_C. til-corolla (j^AiJl jjJjjlSfl 0JjJl till j jlAjVl jl A^JJ .tlulj 

jj_SjLai! j_ a (J—si tllt—LoSj jj— lJI j—a I—uiL-ii jjSlj A_to~v dll (jj^jll 



jjjJI nectaries tjp jIa jJ\ (5pj lS>P} L^Iaj 

• JJ^-As jjSjJp jjj^l! ^ JJs (Jo. 2.1*=^ 

jl jj_<DLi (_y aLu <-_J_5-ijV jj£jl (4 L-a AlaJfl plj^i (-jSIJJJ 

3.—xajJa^ll ol-jail jwLrfViS (jiaill qa (s aLo'J\ £ jaJt . jiw! jiik (JjLi 

a,V . «■*! ^xjui .LiSj^ l$J3 j ji_j (j^uxll a-l*-a jl crop “^Lua_ja. 

jli iajyijia j£]j jaia V * jau jtk (Ja»J (J 3 " 1 

ASjl mil S_ ( )fail j ^- ) ^. > La <il]j IaaJm ^l^ik-La 4 • ^1] Y • jAJ 

.^Laj*Vt £^*3* <laull 

J jl nil I—Ijj j*l —I I a J_)La OLjS*jj qa (JJLi-a (jjaij (j»j 

3jjl- mLa *1 j»i j-a Vij\% jl . jjjSall t jjjlLall «jjSjlaJl t jjjSjjJI r^Vl 

(J^J—9 jS- lu (ji qa Jjia-a jc. ^LuaLa jl£ jjjS^allj JjjUIj jjSjlaJl j-o 

ajJ_i.Vl A— >jl i)'j .3-i3ja-a t. Itnlj CAjjSjJI eAA j>» Jsali. <^11 ji jaSjj]l 

- '■j a jinja^jn cjLjSjji cjUlii Ula l - uni j*a (Jjlsl tllfa, 

(Jl J tilli £uaj . j jSjla. _ j j3Sjj]) jjLui jl j j^ JjLoi Lai (jjAkjl! 

t * i ja> Meliolotus alba t5 —a jj&jill j jjSjLJI j jjjLJl <—bjj 

Trifolium, Medicago -j 3—ijlia A —JS1I ialjaJ j* %Y 4 iYV t Y**l iiu^S 

• JjV' (jjLLl ^jill t ija.j Jxiaij j««]l j^j Jij sativa, hybridum, I.pralense 
jLi (%Y • —J jAsJ Qjx-a (_$j1aia Jjjjil {J^aaj21 yi jiwll JjS Ji jjjSj LaOi& 
jji. (Jxs»j ^3 (JjuulII ^Ljy ^jjLall l5 J~' /v " (j - '"'1 ^<a j^U! ^SHall 

Ar.j -ujj jSLJl ^ jjSVl ^j-a£3l dj)j ;jji>jji j-v iU jli IjJ .^jL-ojSI 

i_s—^ (i-^P-jJ' cs—l' vM' fp' jli vpj' j^y 1 

. jjSjJJ 

3—JjLlill ^-1J iVl (J—9 jjSiJJ iiMjila jj 9 t- aN'i^l AajJ Ai 

Citrus sinensis j %Y Y. Trifolium pratense —11 ^ Jllall Lilli-Jl 

Uil—LaVl 1 jjjS <- ifcV j j5j .% 0 l Brassica rapa j %4 1 j T.repens j %Y• 

l—tl-L-^aVlj (jl ft- J (j^lj .(3;Pwjll jiSjj (_ji J IxjIjII SahA. Jl 





J 2 


jjS jj Ailli-a oIAomijIa Cjlj ;j$ j»J -53 


£_liiAj jS mil jj_ Sjj jl "Vj AjaiiLttJi AUa-ail jtis jVi Aj^.'l=wj sJsJ jil ojA jll 

ajlj—ail 3.. ->jJ jj sjj j_Ixail j j-Lijll jUjVl (jiaj*jl 4 -v-iTu UU diLjjiul 

jja Ollji tl~l~k*i .13 a jSk jH £jj 4-ujU jlA lil .AjVnull Ajjlajilj 

. Jj&jsil j-a Ailli-all Jaklj-ail (_j3j 

A - *S^-i O 3 ^* LS^Ji isJ£&|) ^ aj* jl' £ji J ?Z-J ALIaJl (jij 

J— -aO ^jaoill jjIjj AS g-liyi life (Jja £aUJI (Jajil iGjljbj ^ aj3j 

,jio -1 aJ« j ^Sll jjSj^ll Calfi&sJ j I^a^U-ojaI jlxJ ^oll aJjik jaII <jA.Sllj jlft j$\ 
~ "'j ^jil 4 jajjII a jjili Caij £a «■ ajSin j! ja j JUa jSjj .4 n<-a\ll 4jjla jli 

1 — o-licj A _jisiJI (Jialj ^jjll AjSj (jjJaSjj a JJJJ <_$ ill (j*aUJl ^ oil! (jJOajll 1$j3 

. 4 jlaJt 4 jxj 3 qa (_jjS 11 i J.-GH (Jiijl! 4 j 9 ^'Gj (jiJ) GiSjll a_j 


.(j j .- st jSi jljil jU_£U 4 aoaJ1 (_j j2».Vl Cti jiLvIlj JajJl (lit jUj Ubjl Jj jj J3 

f—5 cs3ll jU jVl (>> <$ cJ=Gll Uj»j (^231 jUjVl ^ jUl _j£jj J i==wjl jals 
4 _jaSH iGiJj j jUjVl j-o jJaa.jU pj jSj aJ) AJljyi ji <—LiuSl US .{Jaall U jj jj 
J_sal la_saV US .Jii jlS jS*J) jaSjj jl jk£.j (j jSLuJ! jljiyi j j-a A.jlSIi 

JJ_si (3—ASkJ diauji ^jJl ^ kliljA UDlj I 4 I 4 (Jjji jj'il jl* ji\ ji tilLkjS 

(J J-*kjll jj Sja Aiic jskl jL ^"1 ja?yi (jlj (jfji lift j .oJsklj JJ4 di ji tj3ll jja 

• <aJO jA IjSkjilj tJ Lu-k lj Cjaj CJjljjfl JJO ^jil Jlal'Uj jIa jbu 

Pollen and its collection LjXAa.j i-jjj* -vj 

j—& j11j jjjjjj_SI j_ 4 1 _uilui! c l_Ell 4usk. ^ Jjlill (■ jail jjiL 

3a\'iA. a Cjl JjASk ^llill L _1 Jj-k, JSLj .A tl'l-k 4 AjJkjlft JJC j) JA ^A CjI jJo&jjjSil J 
^laill <-JJf3k (JSJjj US .UkiskVl AjAaOj AjjIjjj AjjUaO e-uj] Aju'Gll lillj Ajuolik 


-01- 



2 VL. <AL*u»i Jxifl <1 iISjj flic (j-a ^»Ia I^jIauIa ji 

* 

J.*! ! iiitLajj .^-VaUl (Ja^j ^a-%.1 LaLaj A-ala j-aj hairy bodies 
l^jl ja»Iuua IjJijj iLjLil <U<aLi til j ^ aJ Jfabll 

pollen ^1—2131 (_ij—^ u ^ poll„. pellets ^121 

^ ]j£ u —1J jl^jj ■(! • <J£*£) ^Ailidl l$i> j! (jic. corbiculae —1' J 1 baskets 

pollen load I gj^ i j *Lul ^lajll (^Sll £-12111 

m 

^ I \\ j 2 ah A. .»U J^L-Will £a ^aykj <j jj ^3 IjjjS (Ja^II IjlA <■ aVl->4 .( ^ J^i) 
p —y pi ^ • es^M * 09 jj^' J p&J p' ^ tpj A 6^ ^JJ 

.blue] jjSV 1 4jl 


-t •- 





Sjj 5ijitill ^4jj .^liUl oj-^- Ja- JHy :(> Y j£i) 

tH-i Ja-.j aijT J*«! Ji L£yi JiJ Ji 

jlj- 4—J jj_^uia £•!_ill) jj-i ^>>rUI aJoaiijA* JLtal ojjic. (jl 

Y < jt ^laUl (—J_jf^ (ja <Ja^ (jjjLl X j oAa.1 j (JmC 4iaJ <Ujjo^ ^Aujjdl 

^_3j ,^l_. x.11 (JS _3 iJumJI qa ^Jj3 tt^aatH ma A it^n-fc Aajjj] ^11] l.i ji-w -.^X 

r « ^-J) Y O jj 11 ^ yjj Y A jjji o_j^»"nn<'H (j^ —. <UjIa 4 dll jj.}2j 

_y > -~I4 ^ —Jl (Jajll j jAx'UA A (j! ^ ^0"\ ^Ic, lij jSij .fklxl) £-11] ^StS 

■K_ uijfLuj Y* ^^ V iS^ij ^l*JI ^gi ^ISJ \ *\ oj^a Jla*j>ja« ^vi 

■ u ,i k . a &i Y,£ (jJ) ^ ^ 

C> £j'_A! 

<_jj_ja. (JIUI Jjau .(_j ji.1 ^c- AjjLii £l f$l ^151 (Jaj]l (J>>iijj 

.Medicago sativa i> _A^' tols. Brassica alba, Trifolium pratense ^ISl 
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uij—ia. j* ls3a, Jal jlS Eucalyptus —51 Cy> Aaij £ ji ^131 <-j jja, j\ d^jl L“£ 
tj— j-» -s. s .. % 3 (J ijS^j l^uiil ^Islll t_ijia. jl Jl I3 aj ./jja$l\ g_ljiVl £131 
£■1351! t-ljia. jljial (jl jlil Vj <tj.nA> (jc jlaill Ia (JajH 

Mj—^ L ^ —*^ J 5a1j2^. j\ 5$%5aj j\ Vjl jt Uj-«j jjtj 

Ig_ic. <.*V.a t_ijia ( _ s Ia (Jjuutll jail jiSt ^aajljiij 3iS!3£ ^jojS £lalll 

brood food 3— i*iaai l 4 j 3*3 ji£l jaij JjlJ jL»d ALAS11 jljiaVl ^ 

tj *«■ >11 (jl_ 3 ^jAjhi_j La Ji^jj ^ lillj ^s .jj .Aji&all ^LuaVIj (j«ojl jollj glands 

.Aiil3*J! 1^51 Luj C U1M uijia jIjAj 

jStj ^1 j£lj UjLua.1 j jj-Udll Cjijia Aailj AiliS (j±i iabjjl <illiA jl jAjj 
j ^1 !3jj £*13111 <_ijia. AjjjLa (jc ^IjluLoll ^ 5 ^j1j] 1 AiliS. tliilS 131 j .tills (j* 
tiS ->ll ail—J ji da—ii (Jjo—J lia (jjSlui l$ilj A^iljll b3a j jla lj 

cl_fil Ol j^xIulaII 1$j (j3*3 ^jjll £-13111 t-ijia. (JjIaj sli&y Liui jj£lj HI 

_3111 L_lj_ia. jl J — £-S HI .YjsS J usi jilijl! dlfr jxaj Ajxjdall ujjfall 3jii 

w —IjVl mjM^ 5 . jaill i_iiaj phytosteroles ^jjljj oYjjjjma 

£* jl—mil (J-aili t . J. sLa (jl£ ^lalll t-jjial jjjJ cJjfAjVI 11 jl 

*Lj3Lall ojUll o3a 3J! jl JUC j .£*13111 J^Lm ^ *_'■»"> 1 3 _»SjLjJ 1 3jlaiujyI Vi t L' uj 
% < l Y jjSI ^jiaj *^15 j fd ^13111 o A 

(Jajll (jii^ull jjlcj .^jjjt-all j|^ho/i (JamQ ^jLall c^Loll ^Load qa 
jJivlj tJDLjj^yi {je- <ijLL« .aJJ SaLJl ak& 3iLij ^lc jj* 1I j jljlm.l l 

pA _3111 i_ijaaJ AiLam Cjli^lvh.i/i Ajll ' Jal (jill ^^uiLa! cl 1x1 LOLaJl 

A_jaS j—« il j A —i ll Hi jjibHI ^.lc- ;_g jl-k/ill j j\u a,yi j_yalii«La AiLmal jl Aaj 

y-uA*U <JA jjSHI trienoic —11 tiia.li (yt ji£l jjc. HI c!a*1I 

t_ula Aji Aajj (jajll lg «-a a . ^131 t-Jjia qa 3ji ^ A ,jc Anfo»am 

jjia_AaJl 13a Aill t . ‘ajmni j jlAml l [ja (jHj ^jla.1 (jl51 (jiiall j\5 131 . j a ill lia 
.la3j jjlslm ts lc. tijial (jill tjilail jli£k! 3 ja ^ O jsjual jaill ojl j 



a —— ilii a ditsLi j* Jajfl (ji 1 ^ 11 ^Ic Parker *- aJ££1 asI 

ujfk ji JJ <ui JI jil tiiLj jLitj . jlj-ill ja Glijl 

Jal iVi! A A\ 4__^La*H aJA JjjSj o_)A jll tillall jlj'u jl ^a]I ,ja <UU jiii] 

Trifolium Ji« <s j—* jll re.jJl <jAj ^-IjiVl c>a»j <Pia (c^“) <3^^ • J=»jll 
jLa jVl £is3 ^ls2 ^ jii ^1 jji cill» Lurj Vicia faba j T.repens j pratense 
ds__lj ^ jU jSflj dial! Lli=^ jsj Ribes nigrum j Cucurbita pepo ^ U£ 
A —ilia ^-Ij—j^l jvliaa £-151 jj£j laiuj .BrdSSiCCt alba (ji La£ Luji Ailj 

fjl (J iOJJ 1 JJjS C-j l j i j jjLilll L_1 Jii. Ail f Sjjj jl V] fjjl t> jJ^Vl £ jill J^i. 

4—ai jj£j (_ja 1I ^._jJl jyj lil n jl A^jiJ cluij f U&yi <ij-a j£Ju 


. jiuxll Jij PindjJ i_l_jiiil cillj £-Aij ejij jr^i ^ Lilli (_. i^ai 

jll jL- Aj£U ^ifij Jjl dSj AAiiu (J jA jll jiC-jJI CS^ (jiiij LaAiC 

Ail j jijj oA-al jIa jVl (J-ixcJ £tuiuj .JSill ^ Pjdla ^llill c_Jjri 4 j 3 jj) < v m (_£All 

A fij ,{cl_uucll ^ Jffij «L*j\jUI jilrVl (ja AAal jUjVl j-a g«l jil 

Vida faba jl A jl i-ip — JllLall (Jruo ^^Ic. .o_^a jll j^c. ^_a ^tisjll cUj c aliij 

jij— j ^jli l.rvli^t 11 4c.UJlj _^$lall a*j t ^sLjJI jij ^jj Jjl ^ ^'^11 
, * 

Vida jLa jl ^ «—j ffiz± asu* ^ ll ciilil Ihjjj .(Ulill la.1 u^a A j 

(j—lip —ill jU jVl j-a ^1 _p'l *l)jVi ^jirl! ^ ±x-}faba 

jIa jVl jja ^l_jjl lilliA <ilb ^ ^ Igiilo 

* • _ , 
1 _lill qx> l^a’i.aa Ijlial lilliA U^nj liaj jl^-ill (J)_jia lAjlft jl 

<il lajl tliSj jl Aij JAi-oll (jaljtll ^A (_$jA jll ^cjirll CLlSj jjSj V LaAifi-j 

* • 

1a — i 1 j$LUi Ranunculus acris — 1 <j J>> jll ^iil' iliiau .^lilll 

0 0 

_illl i_jji^. t_Li£jj lillall JlLiSlj jl^ill ja] ^ lia. 1 jillaj j»jjl 4 j1aj 

11a ^ ^1^11 (jaj^ j Lilfc-a ajjiLtll j jra La aL-o51 jj-aj 

—3 1_a£ Ail j ihij Lta ajA jll cilia ^Aaa. (jli-2 • < —** 


-nr- 



—ii) juj .Ribes nigrum j Brassica oleracea, Cucurbita pepo 

Prunus cerasus cfc* j»b^l q-* <>a*j cjjii ^ 1 

(j—s Rubus fruticosus j f'—J f-\ Fragariaxananassa j J* 

j -J V—X ^ Pyms communis j ftal ^prunuspersica^ ^ 

ij—,\1A3 \—«£ .j»jj 'iV-'l ^ Helianthus annuus j ^ S-Y ^ Rubus idaeus 
(Jl -Sia.ljil ejA jll t^^jJI £*1111) i_ijxa. AaaS 1 
qa l$J La ^3 (Jajll Jinj Sji=kljil ^ V_WsJl A^«S UP. 

JUj (jiilj ^laUl <i>l jj! regular rhythm 3 Ci - 0 

VJ (j ■ ■ ja»jii ^InTwil l jjSjII Qa (Jal jj^j jt .ail j jiil AAka> 

3_Vj .AjaAiali (jjjiall jJaUJ Ai! 

jrl_ijj lD^ Jjilfa JJC. (JJ jlaj LjaJ jSij (Jajll jl jlia Jiilxa (JSjijj Ja33 

3_uaLk Cllj o JI jail ClbkjJ jl jJujj . jU jVl (ji 

(—ijia. jSl jjj <Jajll jl jJa qa ila-a 

4^jJ SjLj j ^ -a ^v fji ejL; j i=kj4 AjUjiH Ljjjl _ LojaC 

til * * (J*&au (jili JajaiJI Ale ^ oJ^la-JI o.lb_)^ 3%jii {>“ V • J} I • dv* 5jljail 

<ii. mill 3 -jjlajllj jixaJ!j 3jija_iill AiliSlI Julbj . C bll! i-JjJA jSjjj 3j»juaU 

(j_al j*JI jC Allium (_bl_jxil oiA AjJ (JlaJI t. ut ■ li!]^ ^JSJ L-iajl AxlA 

...mil C - u Aifl Jiil! (jniiail ^ i"■*•L5>V I 

jj-2j J J /U-t jj .31jjia ojji] AjjaJl jjlaJl tliilS I jl AID t . i-i l ja 

3— 3.U*. lilliA (jj£j Laiic. Uijaj uijjiill j^iATi] Laiit b^J^- 

. C m tJjiaJ (Jaall QJAJtlxxud 

Q<-i till (Jaull ji*JJ j ^lalll t—ijiaJ ^alaJl (_W ill bbal .’u».*u 

Ji —^ J Lh“ •C3f :v jll t-jjjau 4ijLuXa jitVI 

Jlixjj Aiit-fllb b« - ^ a <Uu.A J^lc. ^1^11 LJjii. (JaJI QA 

u -3 b3b*33 3JjlA-a (jl J^iaJ V (Jaill j ?■ 1 jji tilUa jl Jaj ^-11111 t_ljJA J^ui 



.-U lift Ij -dLui a l <_ya I^imtSTi jllj ^lilll L_ljja (J^Lul 

i Rubus idaeus j Brassica napus j Helianthus annum -J Jajft '»J'-ij 

3—Jaa^Lall J^u v_ijjaJ {Jaill fjJa&jj Sjl jib ^ISISl L-Jjaik glij AJjUj £• Ijjl 

—511) ijij (Jsfyl g'ijjVl jL&ji jjic Lij*jaj Jal liljLuil Ija 

(jja.jll £aLaJI (Jajll £Ara Ci5j 3! [jjiii ^ij (jmii _ JjStjiU 

j—aj .(iili ji.Vl (>a»Jl V L 4 u ^15111 <-- 1 ^ c> VUa! nectar-gatheres 

(_ljrk (JjLa tgnT'ij £-11111 i_i Jiau .Vi~KTi 0 JSA LLiln^La (ji 

fj — jl\ til_lj (jC pLul ^UiJI JjSl Ajjjj (jlljj t$j \i-oliJl £ 13131 

t 'ji-i £aaa (_jill Jalll alliy (_ 5 i3l 4-uffII j.i3i jSlj - ^13131 L_j^jck ^aa 3 

l—1J—Li <ja ajJJ&ll (JLoa-Vl Lilli ClLcata. jj-aaJ (ji ■k-a’Xjj .AdC (jC ^133 

»3X_loj tdli £-ajJ Loijj l^U>U AilluJl £ 13111 L-ijia. (j<a (j.nlVTi jS £-13111 

ta_A .{jiajJU Axj (JjoixJI eA*-a ^llb jJ Lajjj £-13111 L _1 JiAJ tA JSt[ jj£- l^DLs 

0 

Vi Jv - m lIujv .£-13131 l_i j'-> ^ILaalj (jjajll ^ 1 jyj£ L cVi-^j (Jaj3! 

jl jjJI jaiy 1* fcfUjA j .^US uj jfrv ^Ijala t *—Y j ^Ijala i * — 1 • ajA$ 

J - 1a lab ^La£ £daj V Lw £13131 L_ljfaj jj^jll qa £.v>j ^$311 Jaill 

.ialj ji £-bl L_lja^. iala (Jail! jJ3 


jl _Sill <_jj_jas, Jj (_uaLilj ^LJI {Jalll ^j\£ lij Lo jjc. jlaill L.ij> <aj 

.5j; *< £l&! Lji^atj SUaL* JaiJI ^Luai jjSj La Sjla j-laUI L_ijxa JXij lg..*.r«.j 
^L mi'vI (JjIajj jLiill j^ic. ialjij La l a< ial jjj La ojlull 

J njJl ^>1 >n->t (jc. C U1JI L-lJAi. (jA jisl (jV ^13111 L_1Jfal ^alsJS Jaajjl 

jIa jVl J^jco liLol jilj {JjUu'lU 4jla.l oiAj .(jjajli j^dLaJI 

jjId Aajj ^jlli c lil31 4 oa£ jl Ljajl iajj .^•13131 L_!_jia lIiIx^Ia 

0 

^•1 llll l_lj.ia jLsjXuil lii . cJsoll ‘Ulc- (_Liaj ^ili L.’c’u^il] J J- jlll l»jj L jll'i^'i Jaj31 

^ J A (*l ffli (JajH ^Luial Ja. oJijak^all L-ljuJI 4aoS diilS (J^Luo31 saja^o]) 

Jftj Fagopyrum emarginatum ^ lLuu aLiISI ■<.•**> ( ^c. k^. <_ili $Y a jj5 



j_<i jjji (JPrunus uiaeiis j jjj v_sil' lU-^ l,Y 

«J-mj^. 1 tj Rubus idaeus jl Fragaria x ananassa j Ribes grossularia 

j 'll (j^iSj (j-4 ,_jJI (JaJI ^jjlia ^Ulll v—Ijoa. >. 

?-J]1 (j^J 4£)UI £j*jj i—lift (j^ S.J9* <j^ fy~^3J 

^_!1 oift _.ild Jji:J .JaJJ! (j^-suL cjill -i3*Jlj 

jl_a jl g_ jjj “bLUl (_jij ,<alii_<Jl ^IjjVl jlft jl lg >UJ c Uill <iaS 

J^Jl jIaij ji j^jj 4 ^jAj lia. Aija Ribes nignim <_&- ^I^V' tj ^*-j 

. C \illl l^j-o 

(J^nsJI Jxi 4ixJ_$j 4jjft j]| jjluUiS CiLojIla Jai — —ft 
Communication of flora! sources by honeybees 

S jAj-< 3-« (jij dliiftj ^^111 (_$! S^xUIl fc eager 4 ajLJ! AlaJ SjA! 

«-•*) ^ l >a) £j.a n'l i.ii J l (_ja (_$ jxSfl jl^jS^I ^-Ib jjJj ObajIr.JI (Jlj (_j3 (^& jil 

dll jig—4 d-iV'l jdl (jl (jl <lajxjl djljLibl [Jjbtlmj (^i (jjjutll (Jab fl&US 

(J -"i ill ojAS tS^ - *—S_jaZil! I.ljj .LjjjsJl (Jlail (jC. djLijLuall (JSj (_gi a_pjj& <j-olx 

_Jj forage sites I—ft j~£-j i_i^ia.j (j^jll (jSLal <je. djL«jl*JI cJSb 

lg .bib. ^jJl oJ_j*Jb VgJ ^-a±4 f>J ts j!iC' jXjooai Aa\?j) dlVli-ui ClAji La-lio j 

Or '')f^' N ')j •-$ _/=“■* ’“.I* ^JaJI J JJ j* IgAXo £-« 


M 




*j-y Cji (' V JSo«) 

2Jbb' J vi^Uj ^ J~*) 

Up J/sIi 


£jj-Jl JM —Ui jl—Jj 

jJ_I^ajl J_is. (_5J_il O’iUJil 

(ji _S! cJ_^Jl i_juJI (j-JI JJI 

J ^jAj^aJl 1 i -d-oUl djbs ^i*Jl 

.2uLJ' Ja.»J bJaj 
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(J-sail ji (J-Sklafcj (jiajC 3jli ^lliluiLl <_£ ClUaaiLill til 

a *<*»j , .\\cl La o*ilc* jjlxJl ^jUl 

(l Y (J5—i) p,ll—ill Jjiuj U jUdyil m] jjjS (_>ji^Ijj ( V ijv (_jj=J CjVli-a dancer 
j-il—ueuJl experimental manipulation (j—«j=vil! Jjljoll j 4^1 4 j .<* 9 .jl ^ 

j C. CaLttjk^Ii (Jjlij jl<l&yi (jjulj jV 1 Alita. <_£ ill (_>*a 2 ^il 4-laii 4_illjjJl 

J—ita CjI—£A li.V1 -a! .olfactory communication Jaii 5_=^al jll ^jL 

a-1 J 5 jl 1_xn ^3 ^J»'l SJiia. tllVli.a elc.^j^;J j tlsVli-ill Aamj a ofcA. ^11 OLwaSjH 

* . 

(Jjl >njl)j (jaij ill jVl l.> v> Jfrj la .4 ll~l.ll £3jal 4jjjiillj 4jjliill jjL-flual} 

(_^a__Jjllj round-dance t_S j ■ '1-all <_>aa5jll (jAj ijLaSj tiiLu 4lualal1 AijLa^jLuall 
aijll d (DVAV) cjs—*J ,j <j— ltV j —Luil jjjjj waggle-dance <_j jljl&yi 

•dorsoventral abdominal vibrating dance 4 jJJ 

Round-dance jU 3-uaSj!l . > —a. 
f liiHj Awalill tllLaji*-all (Jii plj 
. 4 J 3 J-ULI Ajjjl.1 Ak-alj (J^li. 

(J—lzJI QA AajlH, 2 11» .nil (Jjlbjj 
3 jl-N.ll _ juj £ _ 4 {^J^jll 1 J_j3 

Ja*j a n-t ,4jjil,l 
_>jU u-a 3 j 11 | ' 



<Lp!> uOj ^yiall hoi jii T J^') 
hi j£)l iJlJill _>ALsU j& OUjiiu Jin 

. Wjjtaj yrl 0*jU-ii tlJ^Ai ^1 

t_)j _kc £._ 4 oj _ a till — fel^yi <iu\jla till jilaal 4, /iL-w\! l jj! jJl ja Az .3 < 12 . a 

ji oj _Sta JS anti-clockwise AtUal! t_ijle. .Ua tj _>ii £ clockwise <c.Lail 

tlil—Sja. (ja AjJjj La 4julla l^Lo 4jyjSIl ujV la-ill (JjlaJij .(IT 

l^— /l.'-filj IgJ A-^al a JI JjoosII oliua qa (^£3.j a _^La3 ^IajI 4-k-sall jll <tl-s ill liii Liij 

a Lin ^jljj ji jj! jjI 4.jll oi& j^u»gj .(IT 1 ^-sj'jj ^Jill tllVl i .i l i l l ji <j\iJlll 



(_3_Jji> ijc- J-UU1 <—ji jJuoji 4j&ji (j c. ClLojLua l^DLs. jl! cj^u 

(j—a (—!—JjjtA c-l'l— ill (jc lii 4jiil CjVI»j£ 1! jjlijj ^jSj jl! <*-oSj]l oAui 

» ^ CjVliji <u^Vil j djLaj^ls-a]1 &JA J«\l - A ^ M jll (J-oAj (J o^AJti i 

* 

(J _aull JJ_£ Jllilb jljjaS cljiilj j^ju^all jj jj (_jjl! (J?wjSi JJe Ixj^jj -iljjj 

.J—SIB i_Jjj^j J (jjiJjj eljill £-abi'. Jajll JUHj jlj JJj 5jUtt (Ji\j (_y^S \jH 

~l .„W 1 1 4 H* Ji ^ V £ ^ A jjli 4 j$j^jj OLd A (JSj ^'r. £yi jUjj 

(jjl—9J (j n rtA lP -A. JjJaJl Jl Jill Jl cJjj-ajll Je, a jjlS CjjlS 4jJj1jl! 

1 1 Axil Jl (_jJj$j J JJ oJjl jia jj! jj J Jjjlall AJamljJ LuJjJ 

Wagging-dance 4 Aj!jjAVl ^uaSjJl .Y —a. 



A_»-aliJI ( - ) \ a j L x aI' (j_iJJ 

1J_*j j* - ^V' 5 jM.'.Vll jj! 1 n/illj 

i —w) (J jljj—&yi CK»3jib 
.8 ajjJ Jc- l U^'J l?^ 

J ^ *■» (JSsbl ^)jx . V j LaAixS 

jJ—*A a (j—1] successful forager 

—b 4... -<a5j (JJj _J JJ3J JxjS 

fcjlj_JkJJ (JLl_JJ3. ^.-<.< 1 . util! jlbyi 

JI AaJjj j»j aj3j■ a b-v Jl 3iL.i„fti 
jl ^_1J ojjlj t ii^'i 4 jlj\jui3 l al-s-U 



OUjLdl Jiii boSjll (> £ j£i) 

.(Jj?-\ iH*l|UJi> i*jjl J SJLxJl 3_Jl jjJl jjUflil ^ 


Apis 







£» Wlar »■-? jfr .J ' Jtui < j«t .J*dU (^jljs**5ll ^jJl :( ^ o 

U_i JV. Jl ofjlj ^1 ibfcll Ji uiiAL! 4>«J Jjjjl 4jU Jj .>‘-U ^Ijjl 5J-^ jkJl 

jJjJl *lJjJl Ol£a j? OUjin* £|t3 JJlAiJl tV-ijj ,ljL-jj L£ dlJ3 i£ijJj 

JjJbU jl» js£ j£ °Y * X£ »IJUil iyrj Jj jj*il jwj j£iil !i» J 
Ji 2 jS,\k Lei jJJ ii-l jAi £;<* X^aS^5l ^_p ZUdl cJtf" li» (>) .Z-WJ 

Z^iCl-l *l£ Zl*dl *?■ ji 4U-( J*ii JLflljIl usifi Zl*dl cJVf lijj(Y) .^Judi jJUaLi ol4i 

.(OUljll J l*-ii ,j* (°Y • - ) X ZyljJtj lcr *AH Jl >y jafjll jLj ^II Zkijlj 
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_3 L-<aj i-v-t !1 li& A-aJ al=0 -LaiJl Aj). 11 JJ ti'-' 3 - 1 

Am« 33|_)21 ALvjll £JJJ A eljjij . JU.1 i-ixl .1$ >>:^31 liA jj£jj (jjSla-all el^-lYI 

jj <<UJ^ L«£ {,1-iiJI J ^SjUiyall Jj AiljJaYlj (_$ OYL*-mi 

f-fo ^ JiuJl OJO& J±u&J . A ;.^1 j^\ jjiaJ £-J 4.na3j]l ^3 

4. jl^Jl (j—^c. 4 *j ^1} 4j ^Jajj^dSl ^ straight run 

j ^ -»M {J — Vijj jAxi] jj£ua pljl ^3 di3j 3*jVl C-jliaJJj 

^j3j_jula 1I ^sj-oit k% (J-a»j v* u% a!\ aL^jj ^jc. diLcj^I *.a U-iajI ^-XS-u* t ji 

jjj-a dJIj 3 - jlA Jlj plj—ill jl£ji (jjj ^Jjl jil Ig^oiii 3jjl j £-* 

^_I& (J^a- §JI Ajj\j lIiLijLui (Jjjaj Jo ejlslll (J-v'Jl tdlj J&j '(^ ° 

ClL-.ajln-aJI JjujJj .(j^ijAllj aJAU iiuullj ,jl£jJ Jla* Jilaj J] jUa^l 

(jj Jl - xj ijfimafl «. j=JI (J Ja I >S-ijI jj&yi A >n3 J 1. 3 Ij i -> j jjll 

5__uo3_^1I Ac-j -. mi j A. 7> 1 ^Ic. Allw.nill IgxlaSj Jill A-LljI . 1 ..il l 

duration ?—•-‘Jl ^jl$j j* Sjj3j (jj> jl! o-^j J CiU-^ajll jac.J dance tempo 
.L—iJl ^—9 la jj—mi tlxil buzzing jll oj-Imoj ^ ill jjiUlj of waggling 
^_Ij _i-jlj ^-woSlJl \jl 15ij OlLajla <JI fj[ (jl ^ - g’l jj-aj . 

^_jlAiJI jJi -k^o-ull JJ Ajjlla-all 2jUJl Jj j_i>!T; LllYlir £ya 

.^yuMoJi ^l^ai A_lj-u]lj olijYi A_sc .jij ^Ailiaiiii Ailii.<dl CAmuIjJ 


^_jliaJi J.\— (j Jj LaAjC. Aj JWi 2j_oaJi JliJI 5_lli_ui _ Lo^J-aC- 

tail-wagging dance a— jjljjA^l (J—Jl a— mo5jj a— AaA) ^ Jl oYo ^ia J 
OliVuijall oi* (j^JJ . JjSl jl * • a*J Jc Jlaili ijj^i l-ajiic. 

JS- - i .1 .Ajjl joA^l Aj-oljllj Ajjjlail Aj-oijll jjj AjlljijJ CjU^a3j AJli-JJl 

J—muJI J—aJ^—« u—1c. (1 "l JS—i) transitional dance A^aJI 


.j»LsjAyi 






©coco coco® 

© <u <V>W® 


Uj^p ( 0^1 Jjj Jpf Ji) a* J\jS\ LaiJ\ aJUAJ) &js :aJl&W oUi( \ j£*) 

AjjJuJl «Jtw Jj£* JliPj ^yi t_jjd 3 l^ 5 j jP^ll 

# 

>Ji.a 3 ' J jv£lj jA US' Laij 5 l Ja-jj J jJP UU»lj SjjljsA) Uaij Jl L£jjtf 

,SJjnjlt 2 Lo 5 'jjli I^-Lp ^oJlj ^Iam.Ii (JuaJl J Lk-jjJ( 3 _a 3 ijJl jjsLIJj . Jiity 

J—jJ Ji-=kV CjLl-cl 3jjl ai& 4Vi.C jUi^LlaII (Jij e$li£ qC. oj$2 r .l 1-ir.yj 

3 »<i\a, <*- uLiU-a^^ll (jjj)! <Uaj O • jj^ 4iaJ £ ^ jjl i® A -> A \ 

Uijjl (Jiujjj .^jN<aaljl\ ^,l.-k.:Il £ 13111 £* JJJ jjH AIjLm c ia i.-ijia* O* (JLa^l 

£*l (_jj 1 3 jj\j Cjjlfij La-lifi. ^<aal_^ll (Ja-ill CjsjIj AlaJ 0 « _ 11 (ji 

t© g/i^ (jljLsJ (jl ^C.J <Jj3 I *111a t.all 4j_a3j (jjAj lg_La 

£>y —ai A*jjij “wrong” flower species jIa jVl ^ jjU-o q* ^-131 




J _3j ^Uaj <j! j.^nx> SjLil <JjL-o3j CjJ 

« 

jjL—a-oll jJlaJlj ^j-oLaJl tljLaj}l«.ftli (JLiiuilj (. Ilif.) ^3 l-lat (JLlS ^»Uij CjLaj l* al l 

CjLajlxJI (jiii (JJi ^ij->. a]\ qa _A w.u!nll (_jij .*u \a JJ 

j ■ jt i* u-w Aia <_Jjillj AjJLiilj Aj_a3^1l <Jj tlijUii (_J jll (jjLJl jliall j^Jl <J*-<aJ 

til! la (jl£ lili .(jja^ll jl£*a]i ^j^ij [Jajll {Jjt*su ji <-_ijcjd! ji 

0.1_& j A jJU^all liA (jjSjJ ji jj^ua-al! j^3 ^jlic. j& JSjj OLa^jlx^ 

recuits oYbLJJl ialij jl£ 1 jjj La Aai (j jiia £j jjj tiili CjIjLiI 

.>i of li!b (J»"i t.ijjti a\ 1 jli (33^*^ 

Vibration dance AjJJjSA ku&Jti .T .—a. 

3_jua3jllj 3__$jjl.l]l 4-t-a3_^ll j& (DVAV) ^juaSjl! 5i-llaj <— fiiiaJ 

L—<u3 foraging patterns < _ f laaJl JojlH JbUul ^Jili ^ 3jjl 

Uji^jlaj Aj-taLi. Ig-jLmrJ Ajjail^ll tllVLtMlI t*ij-v .^j1i*]l <.' l*VlIl'lj (Jfr l* lj 

ajjj ^Ljj .Igiaaj ^11 ClLa jLt^lb AiLj3 _^T Jajl 1 ... -»N ^ pljiii (JiuVj 

j) A i^a3l_)l! Cll'i/U-ill ^boJj La Ale. ji ^ jj]| tljliji ^ <_£Aljjil Q* a3 jll 

^_le till-i_a3_jll oj—% J- fOJU LaS (^jl! 0.iLljj Lg-aJJ (_£_p,Vl tll'j/lijill 

-waggle dance area —11 Allalo aia, CjVI*-£ Aai 3j e-le-iiu] 

A£lall oj.13 (_jJ! A£lLcJI £2.2j AS!*!! 4jutaiLa £-4 (j^aSjll <v!j! tj! j^yj 

tfjiS iil£La 4 jjj3 ^ o ja *L . u l ! 1 £j_>5 U^-f2j inhibitory capacity ^Lund l 

.SajiaJI tiilSLd! sja j^Jaj ji (j^aSjll lift queen-rearing 

(J ->■ il! j^J ^0 <SLJI Ojali-J Ale. ^tjjj J3 j^aajal! j-a !cA jc. 

.tJslijl! jljiL jjll SajiaJ! CilSLall ^ j^p- ji 

j -«.l ijjpll AttaLaJ! Ailpl! diLa j!».a 1I t- ahA-i_ Jjjlpjl! lie 

scout A^iLtA'.jy! .Ajjliill jjLucxall j£ Axilal! ClLajl*-all jC La 

4___£i 3J V • — ^ 0 Aj-a3_^ll la's’i ^111 'J'* 1- ji ^-^.J ^i jjJ A > rh _^1! 

Y — \ (ja (j jjtlmj jjjll forager’s dance AajLjJI ^laull Lj^li 
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£— (J.A-k'a lg_La (JS AuSLu&lxdj CjVIa-Jj oAc, Jjxj ^_S 

^■—>a CjVUt... Aiill ojiA ^j<a% j AjA^kJl A^^lLa 3jJl^o oAjA^. 

L^'-— ^-jjj ^IaUjI J) 3**ii (jjll U^3jll <^.J-5 j *jj' jj <jr* 

(J^a-aill jjSI 2j4\ I CjH_aJ £-jaj liAj .(_5 jl jl&yI Jj-a3^11 ^3 La£ (JiVu.ull 

—111 I_a.Vic "J\ J\' ISia <.* i Wj gujAolljj . Ipa l^j <LkJaSij ^jSLaVl oAA 

• AjAall ^S^aJI (^]l jx >ij aAikl j 3j Jj CjL-alj]l ^Aaa. 

4—: 3-jia ^C-Lu-ta a I Ac 3 Ji ^'C 3Ann.11 JJ (Jcjll O'j?liJi 4a*jj LaAic 

^_ill Nasanov <—~-. l ^. ..^' 1 a -a*l jll Sac Ljba.1 3^33*1 lg_ili ijj 

iAl—lij is^J ( A ^jjLoJlj a ..■^ 1-vJl i-jil-iJ1 4a1^J1 CjI^jj (jjj 4 ajj11 J ^3j 

3—« i-rpllb elAill ,jc. 4a^U AAa. CiVliji <-JA=a Jc 4-alA ojAS Cj!a ^^‘1 j jjl 
(j—a 4jlic J&)J AAjjLjjlj AAC q^jxa (_1aj Aftjjuj A3 j .^L-liuJ! f. 1 Axil £3 3a 

(j—a AjAIc 3JC c " jl ia S Aa.1 jj Aic (illi (Jadll (Jxii LaJJJ A-^L^jH L_ijj_<a]l jIa j! 
(j a $.3^. £2*34 A3j .^jiiall (Jlall J jIa jVl Jc tlllj (Ja^-aA jJ (j^lj (3^J1 
A_ru1j (_jL__tC JJ ^JjSaoII Ajljjill (3^, Aic cjjjli A Ail (Jaill (jAa jj*j i-/;- 

JlAiil jAxouall Ia$J 4J3A3 A^llj CijjjJai 111 ciljul! IaA (JSj lAjv 

j-a #.Lall aj LaAic Lisjl scent glands ^ajljll A Ac. (Jaall J^laJj .^C-l 3 wilt 

jl 4—SA ^-11 ^liaj ^AjLalt ja! t.-aallj 4ji-aliui d;Laji*-a]l (Ji Uujj . LJLjiii (3'la 

tp_lal 3,1_S 1 A] Jjjuna-oll jlft jL A i,-iLall CjLajlxJ) (Jiu 4jJ^ 11 CaLa jbun 

jA ■ ojill 4_3 Aj f 1 •na.'yl ^jll jU i 4 i-tI~>11 iAjLo px^all L_S ^jjUalS a Ac 4 * 1 j 

.4-i.x.J.iV-ill a_ijpsi]l (Aasj ^jCp ftlall 4 jjjjLal 4jJaj (J£jij AAj ^aLall 

.4 1*1^11 oA_xl -aAU^xJ ^uaS^jil (JcaII cj^4 (jAJ AS^Lc A^Akj tJ^Uawijl 3*® 

u -IJ oAjxll AaC 3 I (jaIAxJI j A i ^ial l ^11 tilljbj bAC [Jajll AA3 

(J_Aal 3 j—A -3j .AjH-a.j bAC AxJ V] Aaal^l! AAC jfrlxj V 43 LaS 4aj^xA..La 

j_J_a-i Al_ HjJ ^»A_ xJ 4-j^jljaj 03^ AaJljll AAC jl^laJ 3ja.ll!! IaA 

. jjlc ^jl AC jAuAa! 
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3«'l ajli 4J jail (Jaj L»l jjfLj a 3 ^lixll j.1u-l<il) £■ jjaJ] Vi>.a 11 (JajJl 

jl (j-Jl 3jliil ^ jklLs ^ JjS ja ji-aJl jl j Jaj jl 
J_ai ^Alj jSj .<i» £aaJl ^\i» J1 jLuj t l>jii] ^1 jAi-dJI jlj dlLajlfcall ^Ij 
non-dancing 3— ^1 j jj£ jAj_q.J1 Ldyl j^Vl 

dji/lidi A ua u da^i jl£ Ijl U Ajiaj jVl • (^jjldill jAjumI) ja Vl^fc bJ&C> bee 

_11 piiidi J jiaJi ajUuiii ^ uis& ijq ^ 

i_« ji <j jalj ajaa, jia. fjii jbuswyi jjji jl. i g 4ua 

.‘Ln-d^a I jljil (JJjj dllj ^-Laa. dli\£ I j] 

0 

jt-*aLU ( JdjJ( Jpo OljAAM»o SjtiJ llwfj 

Management of honeybee colonies for pollination 

' ^ JJj jl-Su»yl J.S3 flpliSjj (JuulII JaJ dllj-a*Jjjid ajl.il ^yg-all j-a 

(ill iA J-J jl <—vaJ Li&j .ClljdaiuuJl sift, ojl.il ^jisS jc. oJ±iS Cltuil ji 

1_<m jjSI jjjtbj UoL-aiSl ji$l ojjj-oj {Juutll Jaj djl jxaiuid fl iV'.n’y 

>t ^i ri l al l ^ jlS 

fiL^a.Vl di jdXluboA ( jXjm 5 jl ” 1 

Foraging strength of different size colonies 


Ifl I^V (Jaill dll ja*Jjyad (Jji«iajll j^Jl 211-V.’. 11 iKiLag. jjs jjjS «—LlgJ 

3 j-a j£lj . {Jia. jll 3 VTwtl) Ajmjjjll (Jjn-il -»all jlftjl £«o jj*-a tllij 

- w lahl jaAjill dl2 j (jUill Aic. dll j "uid aIae. 1 1 Ary, ^dll j-a (Jj AjaI w*mV ^1 

jl Ijj—j£ JSj -temperate climates Js«-all j^liJl dili (jJaliall ^ . Jj*-aa-Jl 

L_a_j_ajio w —J UjjjJ ^jil (Jj-ajj ^jjJaaJl jjj f.lUl]l <UdasJl ji (—iajlj 


brood per bee 3JUyi tj&l ji^l ^ !>>>-> Uiml ojj»..^l' dnjAai*iuJ1 jjj . ^. ' a i y ^i l' 

dil jd»J_uidib <jjlio v_ijj=Jl iiljj y-Jj3 AlduaJl ^Jjjj j d"i ..iJj ^JJjll ^ 


^ jJl ji 1 0 • * alj-osl ^gJl jiauil 2 AU1 ^laj Jitd (J*^aJ 'o JJ-^1' 

Aiollll dl J-W>”d'-all (J-.V.9 'id q AaI-Uxj" I Jiat^Jl lift 1- «l'i*yj j^dj **• 
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i u.lTij 4 'O'**' tjjilll (J-auJl ^jisjjijj .4 aI~i-%. n ^1 till j ^<ul\ 

.Ifl <vv-> 

V tJ—iil] ^ j . _jj j^lll jl.lE.1 jji tlijlij o j-aj frlili 

-mi (_JSj oLusail (j>ij ill £jJaj Us-lAG- (j£Jj .o^aaiuLall ^-tuiljlt 

J— a*A1 £-lia J^ill ^ ^S1 4juu>j tilljA liij brood/bee 4 1 -> 'll ^1 <Ua»JI 

Ifl rfilrk.~^V 4 1 ■ u.iU -1 [ J... r. Ij '.,.i -vU 41/n*'’./ill tlll^/ulm/tll ^ 

J# Billie- SjjftH iXj!( ji (j4 ^fc_)]l ^If-j ,4ioljll tlll_J-a*IL/uJl jjc. 

tlll^/ixl-laidJl (jl VJ _K-vjl (JatJI (JjJaiij dllijV 1 A y Ja^JI jj/4 

tliVli—ill ^ jj ■ % 1 4n^ tunll t_ij^l=i (_ji jjAiill (jV s-iili jj£^ ajJJU-oll 

il l ^— j^1.a11 tii\j_j^^a]li .£_^i»i-nll qc- ojjAII ^ jjSI Lii.ti’i (jj£j 

bjj _* > nil a^yuH u^l Jawj jljil fju \JjS jj jjSl (jjSj jll cj^jlt £jji. 

brood/bee ratio 3_Lu t_jSJ 4UaaJl _^sVl ^-lill ^ 13 a j ojjjSII oja * lh.uJl jjc. 

.^IL-JI {J^utU ^j_^adl a^ia t^all till j^*J*n4ll J^jll qa _^j£I 4ju/U 4jjj 

.JjVI C^UaII j*->.-tll till jUalaJ J (jl rtMl * J''**' -'ll jljcl (_yo 

y r - 4^SU11 jla*Ji1 jj Aic Jal LijaC- (jjiHU.iJ .41uJl tllSj £-a t—tll-yiu] li&j 

Ijjl-i Ji 4 tt^ H j jjl J=Sk_ilLi <UliAaB AA*J -k y -i 11 o ^jAQ j^ .Jjtj 

A\i ,.>hj cj< Jjj ^3k.L^ui jL Ajjuojj .4 U Ajc-j^-eJt diU-o^Jili 

l ^**i a \ aJIjlS 




: Concentration of colonies needed o1j o« u»a U 3jjlk»D -Y 


^jjUa<ail Ai*j ^_olc. pUaC-j t.<...1 ij>U (j<e 

JOC IjjijS tiilj £1 lluji Q-» 

>j —>jj (J»i'b (_5 **'■'-«'■»" _pLic-j (JjjaII c_4-> 

£>'jjV J* ^4^' (jAli competing crops 3. ma l U Jj^sU-s 

_i^ia qc, ^23 i*''j «.*■■■ jM j^c- 4j A1s»j .lial 

^_J c_£>lii.} 3*.Jj V i_y^ tilli (jl (jij ol_^lab J-iC o.ib j 

J.1, C- oJ—jj {_j—ic (J-aC Jliail {Jjju -tjj‘ ( Jc. 4 Jj.-J l OVliill ->4C. 

y,° <_s—1] ^ —4-aj o' tPJ Medicago sativa cfr* ^ 

Sui^l' (J jt^-i a .<il l jfLall ^3 ilc. ullii . jV&qH aj AxiiA* 

Q * ^*0^4 aQ. m 2» Ji < a V.o C:\ j/iirjum c JA*1' ojbj ^ o4 

.4j3tS <-liil£ 0 (jl ^Aiij Lojj ajjla_al\ (JjIaJI (JajJl j!au o^4 j 

(j_ O 44*" ojjLa-a Jjj-aLa-a (j±J ^uiSl loti ^^ic. L_ ilVil] OYjbk_« 

. ■ -1^ j -—**« m/i\\ ■ ■& Job^jj (_bailb 4 qU* a l_LS£jjaj»al' (Jj } > jt% aI I 

j] a j 1 ill (Jj .^ 1 -v/' ojl J j ,ji V] sJLUk gblij bbjal (ills (j! QA jibj 

(ju_J <■■! Ill {jlJ Aibjay4 •oJi'3" J<«2 »h/J' AilSj jjJaiJ j! gjUl' A^SUll 

^ 2l\ JjA?^ j' jbiil Jj-la. ajlc % ^ * • (jjlAJ ojJOJ-iJb 

£ _a Q^Uiliuj ^jjbjayi ^jUjU ajxa (jic JjuTtH j\i loi CjbjJ' 4- aE> ^ 0^4 

i±\ _c 5 Jj 13 ijfi. <Ajiail jj jbulli .4 ^11 jIa jV' 3-fk*u a^bj 

(jt_ j 0^4* c) j' j-°b c4^V' O' 0 -^jSbJ' (-jiS bi^ 4 

< ^' -^-"i ^c. jib _■ 1 ^£a j ,A_aj^b> ^±ijl t—a b‘: I t* i-v"i 4 , ^i l A. 4_iilS djl . .. f. AjjJ 

^■1_iJ cS^b j4 j' otj 4^4 jLiailj Jxa^. (jxlL iJllLid' 1—ajjJill 

4_*£U11 j 4_i’v Jj'jJ' ^■I.sl'ill (ilbi OJ^ OjbbiL*]' qa oj ,jj 

llllj-MJ-LiiAJ jIa^VI 4/X-bl fja 4jji -vll S juu^s ^LaJ 
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o_s*ii ^_j** • 


U I “ (JSl £jS)j JJ (Jljl tli) jaxjm\a jjt ^lt 


li 3iL,byij .(Jjlsil aa*U (_ji (J^c. V »jS 1 j jjj]5lS\ j v_iaJb 

j»^_J jxaJ ^ y m '2 ^Jjliill (j«» _JJl£l L?_^^ £4^ (j^ 

.£ta.lj]l iii «UalS i'*'IA^ kjj » jjSl ^~ii~iH 

^ A_jAj»j _ tAjlaljSall Aj^aLi,_. ;Jj ■ y^\ i. -a\I jiaxJ ^t jl jjS-aJ Lcmjj 

ojl—j_jj ojj^_iJail Ait j jlA j^l J4 hu-ij (JSaJI ^3 A^ljfjadl ^jUjII 

' -*-» ^Jjl^I-s. J) » 1 a» ^ ^4 lAaw l^ilxo V] " Jj-Wi (j&AJ V tilli (jl VJ £tSLa]1 ajjjit 

.4j)Aj 1! o^jjj ojit Aj 

0 

jj—Ifc Ijjla g- jl^j^ll ^;■ --j aja^I j< _$3 J£ ajs o^J 

Ja. .JJ ,jSj .lib .(_jaaL*kfl 4ljju43tn ^jDj] AjjUxuSI Jrkjfl til) j«i»'inui j-a AAt (Jl! .IjAtli 

,j a j £ij _sin ‘ _'j jai (jSji a^jilxa “UV J £<a (jlaill A^Uu 4 oAtj ^ tJajH Alt 

CiVjl— ajJI tj J •>*j ^g_}i.V) tjwiW^Il j* (JJa 4£SL*Jl sift ^muu j j (J^uawill 

jl—A jV' (ja t jja-a Alt (J£) jl ajlt ^Jjall jlall ^3 4-M.SLaIl tlll^JiaJl Alt Ja4j) fljlt 

aj\ _jj <Jax>i A2j*a (_f Jj JjuqII qa 4ili (JjulII lAA f-l.ll ^jli' ita i . jjAj!) lit £/s 

,j 3 OltLal) Alt j ^yJl jjl (jXjJI lUDUxj Alt j ajljj JS ^ ^jSlill oeliij jlft j$\ ■ 

eA ■«• j w S (»J—jS ^ S 4 —ali<Jl jl& ji\ Altj (JSakU I^jS (. ‘ j. 'l- k j 

J ^ < j jj Sj Ol-a AjjIaj A A > vi a\\ 

3_ualik a ^^lalLa ^ JaS5 ^uItjA <L15j Jai-al^aD qa JJ5 £a JaS3 4-=klla (JLaSJl 
L_Jaji (jliiaaj ^ Aa.L jjl (_iau 4jjU-i^ill till ja»1uu»S Alt jjASljj tlujiai i _ s jH 
jyJt (Jjj-aauall 4t.l j j Ait j ■ J ji.^-1-wJl (jjJil S jjliwJl JjStJI <^3 iiuiaji (Jasa jiLit 
.l^j£ <Slalall dlLijj JJ (Jdt <_tfu AsJtball (ja&i ^ j (jUai 

: Jxuilt^n (J4 - d’^l --«j Jtill til jamIkma fjuut Sf-liS —V 
Foraging efficiency of colonies and their distance from crops 

t j__liuaVl ^jt liuu > ni) Jiiuill (JaJ ^ jij 


• t_ijj3 ^-lia ‘ -imlxii j^t _yt j3jj Ait IaU^a qa <~1_jS1Lj (Ja*j A3 (j^lj ojj^ilail 
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jiS ^ Y* Jxjj (Jjj-ala-4 qa JjlU) j<a lgjbl.l<iJ ; t l'Vi O'j an' i na" OV'i-'A jl “^JJ 

o’VU_ull jj_a ( - r yj5 is^j* J'jA -iic* l5 J*1 oVL* J jiSj Jaiall £3>» jc- 

(jia_x 4 jl jSij .L^LiJi jc. lio j»S» ,A Jib j £jj foragers AjkjLal' 

p _ku jSLJj 0 ^^ j-a ^ °|T jaj] J&^J' J 4a*jj J J*-ay bj'jj Jaall 

j_ a i_ijill_Jj jIa jV' a Jjj AJjl" <_Sjjla]' Oauj .^£t Jib JaC- Ja-iil lift 

. * 

^^Cja!' jAj^oJ LjJiSn 0 'ja*j*ua 1' bjlaj • * jai ^Ao J Jaxj 4ilfl l^)LaJ! 
■ >jfl a all J jaSl bL-<a!i5J j eJjxilj i_j\aU' J Jal Ij3j 


: Moving colonies to crops Jp-ab-oll OjAiiuiAll Jii -t 

J__Sil A—Jlni Jjl—uij Ojj -bj jli jVl OLa-li Jc. <_lilall J jp £-a 

JJ jilj Jjja tg ii»j AjSjjlSba b)li OjLabk p'Ai2*<il JauJ 

# A 

L_£>Lil' Jjjj La SpIc. . Lgiiij lgi^..M bby-Uii) Ljiil' iajjj jjg ->*il o jgjj LDLill 

• * 

‘ *J J kl IgjJa JXJ JLaJ^Jj 1 jlgj 1 j 1» <1 ojj^Ja blliA Ojl£ bj J jbi jba'j/' J-^3 


Aj^ij J& ajAs]' Ai Jajllfl . pbJL 0 'j^«Auia]'j Ij^Lill (jij i_jaj 4jli o jls. Aibk. 
2 n .,.'1 1 Aajiajlli .4-a3 pi jj ^Jftj 4 jI jlbl ^j-lc. pLall JJ.ilTl Abjji'jp 4 j ja« >“>■* 
t'lj _a j* Jllj pLaJI <__)jjij j^-ajaiJ' pLall O'jiAa JDl^Jj _jiJb AiAiall 4 j3U1 

. t_cLs Jb J^*ill 


\ aU , Jsiill pljjl Oljdaj*iiall j jiia Ijb^l i* '-W j _ ubabb.^ I jki. JJ <iUj ^-aj 

cil ]j ^_jjj t_ a£ \g ■ jjjJaa. J_isj La ajlc. t A qa jj£V O' JkmJjoLail JiJ jj' 

i'i 'oi O'j.dr'ioi.aH jl jSj .4j • " O'J-a*ikiUil' jd JSi J*aC Olj /n’inio" 

^_3 J A_ ySt (Jilij Oaaji Jjikjl' bja 4 Ajjj 'jxj t A j^i Jsl jiiLuU JJ 

.Ajjllal' j-a ^bla Jal Ja^jll <iuajJjall O'jiiJ' J j^lj Ajjlial' O' jaxIu^a 


dji-J f —1 '^J J—5>« J a jaOjiJ' JSjj LaPiC. [jill La j*5?'j 

,_jjfil' Jjbl j'jJa l£±a J .aj-ijl ^3jJ' jl£j ^jbl J (J jil O'j y ubta a 

b_ii v? ^j._3 Ifilpli v J' ^k.JJ • • JJ V « jjj) JI=J1 OVbb ^h a-a jl 

Oj'_£ bj_j J • M 1 -'-’l'. Jj OVUjoJI dlSj ja jjjS jl Jj 
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£—1 > AjUJI jlj ^jAsfl L>* ^AjJ^ 3A_$^k^«S J! JJ V Aj\ j A xl uLA 

(r 1 ^ u —? 3 J^«i^ JSj Ajc. (Alii £-AJ . <Aji _JjuLLkii.i]i oA$j (_y Jlij J Jjbkj AjA^kjl 

,j—1) J—aaJI J- jo £-lajj (Ja-ili ^jn^. 4-SkjjJ ^jL-aVl (jijdoJ! j^Ajj ^Uaj £ jli AjA> 

,<j 5\ A^jx-lj -'j W V ' Aa5 yi ^-S aLDLi 


V J——bjl (jJj £r_^AA ^jAll {J±jiaJI (JaJ CllVlijA ?bPLi-]l ^jAa j jjfi I aLj jV^J 
1—.pLi. jj— 1J aA^xJl AiC l^ijjJa {JjJaA aSj l$J Ojjj ^jjll 9_ymTii.uill jji LoIa 

a— 1c. i aa ” drifting liljlmll ailAjj .1^1 (Jjl e,ljjl 3 1 <-il •% 

^ _)A& lAI j} L uj l i lift (_5-aj 3 ^UiVi /> JISjii jjA 1 j - ‘ !a j j 3JjLs1ji bPLi. aIacJ 

CjI( jAr . j jji l. lm l io JAC C-L».Ja <Uc £cjjj L *'J- Q* aAja.j jjlc. <AS 

average foraging -la->Aj]| >. »I i i=Lujj!L» Iajj ^ 

(_j—lc jjj LpbiJI Aicj .^jSJjII 3c.Is£j Jjjudl ^liil IaSj potential 

CiVlx—ull j Lajj (Jsi 3 jj./ ii AAjjb 4 a 2^UI bPliJI (Jau JjJaJ AajLaLo aLujI 

ajJ—All ..jijl (jll ctlua (jjAJ tilb l 4aj^S 11 bPLiJl 

jiSl Aii ib.trtjj .(Jaj jjIIjIIj aAA LPLiJI (—UuaSjj 4_i3^Ul b^bJl jxaj jjlc. (Jaoll 

1 L>ij i (J — jLa a _ 3k^J LaS abkj bPliJI ^3 3 ■ ,-.1 A. SajAlulII ^j^lf c-bji ;J-> tU 

.(jljjltU (jjwoJJjH ] J » l %n jjl] (—lAAJj (JjAaol >M 


?y> -u c.lj*d bAC,> ^aij-a (jl] AiSo Aic. Jaull 4 jUL» drifting i-jlja-i] AJAao 

. • 

OI^oxAmu <_JLi AAxi .AjAaJl jXA^all ( j2 3j^=u j! baojAj ^ j_^JU (JlaJi CjVLt-ijJ 

j _11 a,\ itil i- ot ^ --n-'i ^U qAj....xH Aie. (JiaJl OVli ui (JajOJ AS Aj^jAj ■' Jjjl 

I j^'xU 3 j _uulb ab^A jAi j^.Vij (jV ij^ ^Aj .“UJl 3 AAl_^aaA*jui 

£—sIjaU <jjl_lia A . U^JA (jS oAjAaJl jji b^iijl Ait >a! ojjbo<d' 

(AjaoJajI Aii .(_5^)a.V^ jj.;,i.iill ^S^all ^jic *Ua2l^al! >—l^j 4^0^111 

4 (*blaA (jjAj btjLaJi i—ujjaj IjjjS (JaaII (JjIsj 4jl t_jjlaAll 

jl 4__ijJaji lAjboic- tjji I_ij2b ' J " ‘ '** J J (jAsjoli i dAaxjj AiVi% J) 

.b!>LiJ!1 (J^alo ViAj<9 jjJc 5iilioi obk^l j-^jj wind breaks 


-v<t- 



I'tuali JxusIxa] ill jasImaS <-Lj33 -0 

Conditioning colonies to particular crops 

•JjVi L_il-J1 ^ foraging constancy (^**» pli j 3-iilia aSI 

jA-J JaJll iliVliw (JI£a Lh° Aie. plijM Iaa ^jc IaU jVlj 

m 

g—jjjj ol jaj«1ul«]I JSj JjS ILLa Ajjlj oust ojl^j ^1 jl^y! 

a*j jJA-* £ j} jjJ2 foragers JSaJ' CiV^Li (>> 3 ^ CP 

(jl (J—aia-oll (j A J .(Jaill (Jj 3 ^jjl (jA 4jj! j IaJ 3Jajj_jA llllA oaIe. (jjSj 

ojjj—J (jjll tllliill £jj AjAaj Iff Ja> 3jlaJi jjIi-aVl ^Aill jj'_jA-<il! L- nI j 

Cy> (J 3 Ifj ji AjAaJI £Sja 11 J_^UL| La Ala jjSij <jVU-»i 

aW jjA jaaj — fctllj ^ i upi j . aj.wH ^jj]| qa ^ / ' M y i jj ^jjLuili jiil qc- lIiV U > M t 

jj -^j 1 —nA ic. JSill ^lj (jl l_i=»j ^rihll ^Ia-v-h (Jj.-»-v a JJ iIiI^jaxIiaaII (Jsi iic- 

tilliA llul£ Ail . A. O> il ^SjaI) (_ji AjLaII ^jill 4 Ll& 3 ^SkjJU LalS Jjt <r> a!1 jjA Jj 

tillj jIa jj sAj A*j vj Jjh-i1->a1) JJ CjI jumIaaII Jij jiAxj SjiiS CjIjLjJj 

ctlL-iA q\ ^ LLua. Jajc} (Js_ll! ^j\S jUj A^wjS (jt JJ jl J j j^aV rt a1 1 
(J j—-P j £-JJ SjL| j ^ja A jArJ l ^SjaII J JSaJl OVIaja CLiIaj IaJ aAj J*-) jjaau 
(Jji nl *kAil jjbia _$ill Iaa jIaj! lJa^j J 4ili (JJ^LaaII jji <->-> a! 1 _^3ki 

DL_»i A=kjj (jA juSl ^glc »AA (jisluii iojtlj .Ai, \p M u Ji 

ijSLal (ji AjLaLoiAj (Jaall (jli jUjyi (_Jj3 qjjLuU (Jaail (Jij Aia 

. jtLjull ^jU- 

jUcJA3-4 (ilaall As.1 Ac.1 AijLall CjUjuo^-ji jLlvV <—Jjl Viil qa AJJa 

(Jj -cSj^Vlj jU j^l (Jjfl Jj juark^j' < _ £ JJ IaIasJ (Jii CjljAaA* aaW o* 

. Jji^-\a]1 illjlj (jlll (jjAS j p >7>Al l JajU ^aaSII Aiabj J^Ajy' pAj Aju 

Prunus persica, Prunus avium, Pyrus malus, Lotus £—a CyjaJ 

— Jl (_gij JS .comiculatus, Medicago sativa, Trifolium pratense 

ij — ^ a 11 Sajlill ^&ja=>»a 11 AilflrJl (liVUuall OIj! j Ifl-La JjVl 



jl —1C. jA-yall (Jaal i_luiLull 3ldej . JjVl A-C- j^s Jil a_y> j Y Jj Y,i 
j__wu Oath al j! baJjJS 2 ftl „•*. n ,-i ji La£ 1 .” iU-» Laj 3 _j1\jJ 1 ^bVl (J 
2 Jj La JJ (jjiilat jJ J L-Ub-Jl JJ jl jL-yj .^jL£ia 

V4-- ■“ — jV' <J> i-oa^all lIiUi jl! II 3fr ui i I U — ^ 

1 lAa J&1 ^-i.urtl 4jl t <Aj*inmtt [Jj 1 J ~‘" v ■"" ' (Jlajl Cj)/\xm i oLalij oAbj 

• UjUj) CiLa jll ^yjill (J jiVl {Jjj-alaMill (j-a 

_ (. 1,^"; nirtll j\ _A ji C.1. I A»J Clltl jll tAlil jat'iLuill <JjuuIU — Y 

. 1 —yjS jl£*a J bix jlsl (Jjj^jLxa CiAa .j JlaJl CiVlxu ji (J<i 1 at-j 

a jL-Aj} *A-J Jbt Jj* /Jl Jj (Jajll Ol^utiuM JL jl ^cjjoijj a£I 

jj . ^j ji Sj^jusS jLk jj ajS3 J j* -*■*- *11 j Jj La Ale. Li^ali Laib Aj jj LaJj 

J—AS SjJiVl 3Ji»JI J j -3alii^l J all jc. (Jajil Lia. Jll 

(jij (JS__ujjj . jt A jiLl A x.jlTuaji p UVl J Jjwn?t/J1 Jj till j/uajiiudl j-a Jjll 

11 tllljamS_niojl JL jjilj J JLjaj ■ >jyi pAj JiA 3OlAuxll 

3 j 1 . m3 ^.“ifi ( j2a Olj .voi n/Jl (Jlj Jialj ji Jj SjUyi jjAsJI jdj .(JjaOAaall 

jlj 3-t^ali ^jiiill J Jjj-ast-al! j/a jifr/a $ ja. Jjia (JA^ L) - 

(j-a eA-a (_jic. t.jl>.aa>^U jJiiij ^-1 jfy) ^ jlfc jl 

jl—ftjU Ig s.j!i j\ «ij ^_jall (j<a CLAj ( jJ l^a-lsl 1 —i_jaa. a iii^i Jj *_>&jjl 4 aji 

a—*jj ^liwall J Ifra.Ul ujjja jfrlai Pyn/5 mahis, Taraxacum officinale cjLUi 

Ojil C . jl-fcjVl fjaSIj J (JajH BjIaI J S^Uall oAAj .(—ujjjli Jc. Jfrlall 

Sjl^_^ 3 _.>jA Cllj _J J CjIj^tIui^II Jc. (jL ^gxj jjl UJaj _ cilll Jc 

Aljsl _j jj iA»yij aj^a'iiiM*' (Jib ^yuikll (J^9 ajljail 4^.jA Jj Jj (^A^j 4 jHe. 

\fr_aia a a.^.<7i (Jj. <-il~t/i Jj djl j^uIuiaS) (JL jL jlall ^fr<all jjj .ajmSsIuloI! 

nigrum, Fragaria x ananassa, Brassica oleracea , u-x* ^U-ail J 
tlil— xAa. (jj . J—ill! s-jjfa. A^aj ilJj J aj Jlaj jl <_a=u ePrunns cerasus 


-A<- 



jii jc aluii j^u^u vibJius a^Ti j&\ c isui 

Helianthus annus iitlall diLaiLiS Aaib J&\ olwLa, (^loj •-^ 3 

'- j < /> tdliA ^3^2 A3 v-JAudl Ia^Jj ^ lu.-)11 ( ^3 I^Lia (jc <• (_$jii 

^1 al i 'j}•* i jitA~i o_^jj ^ g A.i~i ^-2"i J^wa^al! IaA ^3 llil^. akTi> j-ajl (jjlial 

AjI^j (jc f>jJl AJaj ^ Jal foraging activity <^^*-^1 -J=^j AJaj 

_J ^_ail (illj (jC (—(jjSj LaAiC l —i3jja lillj (_jlcj ^ - n m il 

M2<U 4_iic .All jal(jl ASul^k villi (juf\mj Lojjj .l$J3 

Jaj Ale Ale jlgjil Aj'uj Aic ^^lel sale (j_j£j c _ s ljl ovliUk jAj 

Jl ’--' « > _AC IaL^Ic ^ CLil JA»~I krl<-.il Ucllua viljj (JjAjlA A jjlAo] ^1 Jp3jj 

* * « 

^ ji jc j l — .- ii a <_jj3l ^jlc (JasIS L-cav'i joSt JlaJi kllVbtji ^1 i<t*i tlAj Jfrlall 

^ n j .J-^ili IjAc (JaVl Jaj-£>Ia»_a] 1 A’uajLea (j^u {.IaVI IaA (jl £■ jAalj AlaLuaJ 
tli3j (JJ3j J^- 4 ^-SSa* lS j^. 1 i—Jjjc ^ (jjljj (j^ v_icj lg-i\& (Ji^iVn e jeo AjI v*Ua 

—CJJ (jl V_J—iJ 1 - a£ Ij ■ uii-y ale OljxmJ*a*il v^l^J (_$1j j_jC _^3l 


.^-lalil v_i_jac 4j 3 Acl jjj (^jJI (j* Caijll c jtficyi 

v5l j\\ 4ic-i]l A*^ali ^ajaLc vlilj (Jja-ac-ail (jj£j LaAic All jjxjJ AaJ 

Ij 1 (Jy, ni\4II _j - -r>l i. j —> (jic Aejljll (J-a*la jW oAC (j<o Acalill 




(J-'-'ll jilc i-aAa. till j SaLa ^gic -> 11 UcUfaO A%jl^JI oAA ^lAll ^jJ ol^jj tillA 

.(J.-aall Cjljuutj—uu ojl-lJ ^—3 ijail—^Ij (jJCjl oji& till j (j^^Sj A3 

.l^-,.. Ijlcli jUliiklj U y.\yS. 3Ac jl jh\ cAjjata] O^jbea (J*i3b viej-a>.l j 


" (J-c-ij A—cxjI jl] A —jjlcjl vlil—i^yLail (jl jAe (^^la jL*a]I (jlv> ] Aya^J j>C jj 

j]—L ijjSz bejj . iLlljeJi q^lo=kj netrolic —II o^^-S Jl J^JIj geraniol 

A_lk d Ijl j avir' ia o ll j^Iaj Ale yJl CiVUuiJl v_jix ^ oAlla olj aIj^JI 

.oAjAa. 


-AT- 



:Foraging range of colonies <jaa* jSa -1 

l)j. •*■ aM (J 1J (J - dlljAUUJJlA JSl AiS dll*fcjll QA JJjS All 

3 Haltll Jb ^lAfll jji (jV 4*2$ Jadll di^li-d ^juj (_$Aa jjli ajAJ aII 

• 

jji dll j^xIuaII qa JAB £*Jaj Alai ,Joii Ia^jjaI ^ . a mi l Alaj pj qa ^ljjSII 

(j—i fl XV J] Ai«j Jaill J Jiaj] Vacinium angustifolium JS» 

ibil—ill f Jl jSS\ jj ijl» “1A1 J JMI f Jl J “1 j (JjVl fJl 

.3 ija.liH dll j^bTujlaII (^4 ^DJjui jisl lflj«*>i £uij2 ^jSII dl ja*Jjaa 1I jlj 

* _jLLuA] Jadll jSj P7c/fif villosa QA i_ 1 j±H$ djl qv&aa £jJoj AlB Ja^jl U£ 

.A*jVl J] l£till <> Ol3UiW Jb ^IalJI J 

^ »Inj Alai diili (JjSLj 'll jjC. jail 4^luU jji JjUJl £mja1I (JJsiS ‘Ljaii qa 

0 

qa jJj j>—£ Medicago sativa fiMji (J5»J ^SUJill 3ilaJI Jb b!il jj pl*A Jai 
0—» f \ • *1 ^ u —j] il (>^ J& J*»J' J ^Sl>» 1 J Jaill (^J*aill £»jjoll 

J_aill qa (JjlSj ^a\qaamaa qa Y * (_£A« J Jaill ^Jbjla Aaj .dll ja«* mall 

j—* 1. p> jjSI JLw (Jadl! SAjljla Aauij dljl j tlllj Jb Sj^Ib .^1 i * Afcf 

1(Jlji* J^ill ^ijj3 jjiij (Jj ^j*ll (J^dll JJ p£Y Afcj Jp M. sativa 

Ij. 1->1 [j4 duijsk jll dlljaa~< iy«.ll qa ifQiS Kc.jA.yA JSi Al&j qa 

.,-jh Jl qa qa il (Jla SjLa. Jb a.jii jjA diVla-i iaii <_5^ jjUall 

Q‘i /.^ ll J UIjl^ Qa ^Vi (Jib l^ li i> *l jiAsi (Jiail Jai £jl Jukjl M.sativa 

Ai&j ,pA • i AaJ J& jiT (JlaJ 4^**u (Jj-o1j l^iai (J4 lAsa (JSj (J&lU AaIIjII ^bl 

t 

^ jjj"’ (^ujAj jIaSa 1 \ QA f£**Qi (Jla. JLqa J luj a. S-ala-» a qaxIlaaY « JSj 

aj miT. £-daj ;s jjI^aII (JjSbJIj Jiail lAA jja ^S1aa 4 dililwM AlB diVladil 

fj—i 1 X stLj iiU! LiAjl>; *JuM jjLjiilU UaI J (jj±\ dil qaxIiaa 

0 

■Aljl mil dll janImmI! (jj diVlii qa ijAj Aljbull dll j^xa>.ui11 Jaj Qa 

Jill j l^jLSla l^ajjjj JaLul jlS dl jAaUimll Jbjatla ja dlVUd q \ Aa.j 
^ J jjj Joal jjbj (Jj .(J jVl Abja^aII joSVl jlwijyi J jli (. kH%,All Aj=kjll 



w _]J AiL-a^la jjla-o (JSa. (Ja jla£& i • (jJjVl 4 e.J-o^-a)I (J^i 

. 4 aja JUaia V • fl-ilaj 

‘.Foraging areas of colonies til >9*a*aa11 ^ju- jLLIa -V 

(J 9*. *' (_ )-*-'! juSUltH £Jjja 11 jjLajJaJ jlLji Jj Hit a )1 dli^ AX 4j l lrti i 

4 .ia£ I 4 —La (J ot jjlII qa jjjS ^lc ajAiMiuAll jjJua 4-llnla XaJJUj .4 qK'aI I ^3 

^jV.I ."■'■^Uj 4 a.Luia 11 aii.j AaklaAll ^-liil! 

4 %1 Mia -ll J j- 3 (Jjp-titiaH .K.kijj (.'il fjjSj l Alic. .AllnLaU 

jl^—ji J _ laa (Jaall (ji Jsi^jl lilLl £aj j\a Ail-umll £a A^IaaII j j* m il 

(jiiSUi ^Ul AjaiSj (Jaall L Ia£ a.ljy 'll jjc. tajiVl Aajlixll j^L^aII <j]J JjSI 

LajSSil jlA jVl ( _ s i& (J ) » >' " ^ 3 aJja11 

£a j j.-iM . Yu a ! 1 ^ 4a.1i.a a I 1 aJAj ^ JSaJl CJ v JUui alinj jl j£j ( 3 f“> 

4A£- jl ^jbjS -iLe-j .^IaaVI iljl ja*a*aa 11 ^ljaLaa qa AiL. uil l 0 . 1 L 1 j 

Lta (j^LoaJjoi jaYcja4a jl A^^aaa ^ 1 *a la^Lill ji ..Iria ilula jlaS^Ji ^ 

L-Clxll - 1 IC- (jAli £J jjj qSlIj JjjlaiaaII tliljliil 3_»slS 4jlaVj (laVl*^ jjiaJ j>5j 

. Jj—1 <-iaa I1 4 L >1£ c^Uuill (j 4 j (JaIjj (^JJ (3J341A ^sIjaII qa ipt 

* 

j—a (J-£ jj£jj (Jjaalxa!! jji Ijljj L£UJI £jjjj jA ^IaaII 

5 _3jjla 1 aa$ - J li] (jl^A^l Jjl Sjaj£ ^laaIaa L£)UJl £j-a>j J^'j ^j! 

Jj _laiaaJI jj - a (jjjLmuIVj (jSaj |1j^IaJ1 ^aaIaaII Qa ( t> - a ^jj-tasl 

jji (JlaJl l!iV1*aa jl-lE-1 jjAdliu jtloj AjjjSJI ^jaI-v a! 1 jjaJ JaIju jjll cj-ijfi 4ajjiaj 

.L£laJI fju t-iAAola 

jj —11 1 ♦ Ja*aj £jaLa-» jji J=dll CiIjax u aa /^n« malus jll^j ^=>j 

-a_a jjjlj jllaj jji ^U-Jajj ^>YV£—1 Af lAj43 ^xalaaji qU ^LaaJ 4 aLv 1 Y 

^ Laa j jl^iVl lMI 3C jaj .^1 Ar jjll <1 1 J^lia O J\ i QA 

(JajSI_ U JjVl jl Ti u i jll jji tis-lll 4li>u (j! ii.j ,^jaI% oil (ja *“ 1*1 «£*1 tYT 



L-4JJJ ufjUjlt UjjSj (jlS 3 all (jSLatyl ^ Jajjl £) jjJ Laiu AJajaXt ^jlaJ 

\ - (Sj*\ Jaj Jil.53 ^a.jj (illi SU« 

3 ^JJ • jk-^Vt (jit JadlJ £)Jj4 ^>JJ J$1 (ji **SjJ 

l.S .1 ja) 1 {ji ^pclwill (J^ill jl jcl (flo 12s\ jL» CulS jLaill jSc. A_uaj 

(J—i £4 *\*ji (ji ijs**- (ji 3 IS'*!-)* £ij.P 

AljjSB tJj.Ko L-^1 1 jjJc. (JxjijMi V^lt (jlltalfl ^ jli. (Jault di^U-tu d j^vi 

S.Jj— j»ja 11 (J •» |H CrtjAn"uii» jjlft jj^j (jUjoifU jjL^aB J^IaB '(ji Cuj 
jjt > all (^ ■ i •fcUB a 1*1 (Jajll fjjL»d UloLt JH gvjlijft (_yajkl (jllwiill J 
Jajj .(J&Jm&J l^iill XUt (j1l> (llli .1.*l«j » <JaiD i^u AjjJLIaJI lajiii 

(jt Jll .0 Aj*JaQ (lli <j )4)t*m«ti Zinf Cljjb (J&lB (111J4IUM4 ^|M (3iall« jl L>ijl 

Medicago sattva fit*j) <JS* Jmj ^ \j &jj AaUa Jaj ddi jahIuia duuJaj tilli 

at_all ^ i dll^axluiA die. jj ft .JteJI ^ di^liii £jjjJ JJa.j 

J—*dl) (j *+* 3 «jb^U #,J4UM Y,® (® iY,® (jpS] L*i\jj Igllljj £4 (JfckH 

j—» fA ^ J- Ah (JsdH (j*** jSjSj Jaill %jjuft aJJjj £a (Ja»5LS ^LuJI 

AY (jll (Jj^j ti^iS 11 a (ja (Jjfi (Jacj olj^Li 

. 1c. (jli—wall (jHI (ll\ jauaoII ilfij Sj<i»*)iunM lf u yiai* A4W1 

^a L . ,.»i i«H Si&j jj£ ui^kj (IiI j a IS (JaJQ jj-n jjj£ 

*> -"’-JJ —SUbiB jj^LaVl J ^ikUl (j^Sl■ (jJUl uijjlaj 

j u-^ ^ {jilloJl ^vaJI 

(J—kill (lit JA«JXIU (jitui ^aliA Sjj jS (llUjil ^•>l.> (illiA (Jl jLaj (Jjjlo^aII 

Jj. . hv^aII tj _le. J.. •kill jjjiiLkl* q Jjj jjlt Jj*-aai] ^^Je. 

1 at-'.-U 3j->.U ,„n (*|1 a>nlt jjjb c_^La 3jJjJ JJ ^Jkla. (JaIjE. 

(jl ji—Lll qa (Ja-il! { jSaj AajAj (1%-j <iL j55t jSj j^bj 

ftta..“Ayt (ji (J^uij jS diuk alalt ^ al^i. oJjxItj o^uLJI 0^3 

. Jjto-wall Ajjuiall iaatjll J] 



A_M^/I jS'- at Cj! oilj _ < _yjbaJI £Ljilj Ait -UaiLk _ ^s-ail ija 

jljj_bit a-iiij jJ j**tiinall ^)*-U t —ij'V 

_Li 2^=kJ £3 ja 11 A_uxz»-ali L " >1 (Jau {j! Ca\7k . ^ SLia II 

♦ 4_ij ja* Aj\ a~*i j) ^*Ujll 4i_>i j^ v> **v->- \\ ^3 A^iLflya dal^AxiuiaA {ja * 

(_£_It ^bjlt Cjl. A i. fna Jjjb jt (jjLiill jltCyl CiVjlja-a CiJ^a.1 

»-V» a-sj (^Jt oAj^all Helianlhus annuus CjUi jUji jl Aa.jj ^jaiill 

O-B JJ^ 1 ^ <.. ' t » ,i fa dllja >—l^JJ _£Sl (Jj-ij Oajjl £-bj]i CilAiaxa Aa 

-1 • ci J —« ts—* Onobrychis saliva jU jl jlj . ? £ V* Jj £ • . a*jj ^1 Clb 

j • A J OLjCijl j ji£! lj jit AAjJj _JjS\ Cj j^jl ^bjil CjlA<fia ja j» a i • 

^1 jjH CjI 'i/I 4 A_j=kj jt Cj-wjlb lIluj . j»£ V • ^gjl 'l • « A*JJ yjll fctUj ja jjSl 

# «« 

J aj 4ja-bfill (jbliail jl j o^jUall ■ *<! j.*-> 11 £A jjj jjJt IjjaS jj jj j ltm il l 
jl j ^-l_pij tiiljAj .4ofUk_4 ^yill <j!3j je- __)Ia jbU Aaaall CjljjiaJl 1 ib-Cal 
Olj miaJI Cjl jl__jj (jit j**b_)l] (jaSball jjjIj]) (JjIaj (3jjL jt £"l-j jll CjlAj-oa 

Theobroma cacao, ja 3 jjI j^yi J^i-ata-all u^jli ^tjiij jjaaj jl 

1—aiuj _ cl—5j £-cj .Coffea spp.. Camellia sinensis, Citrus spp., Musa spp. 

L3 _AkUall JojjjjJIj AjjjSil jSLabll Jj£Vl 4*4 > 1 11 j AlAa^b oAJSa ^b jll CjlAa-cua jj^J 

U_1 q£j as J'j^j l 5^' ii&^i microcliinate 

j a jj_£1 AJj j . al l f,\j _.Vl ojb j jfi 4-.alf.ll CjljfiaJl 1~*J y' > (jaSb-a _J4jb 

.^aljJill ja Aj jfi j^Jl 4 _-^L-v Jin- -11 lAAj J jifn*k A l l 

:“Directing” bees to crops Ju o l ^l i JviB "4 j-A 

^_aij tsj^ Jjb-« JjouJI Jaj 1 ITf ^>lt Von Frisch mja bait 

^jI -„.iill — ill jb jl ejbjl Jaj (jCAIluI J=>j]l Iaa jli jlft jVt 

j__j«f» ojbjl Aiikjj j^J ti^-ill jl .(_5 j£jji JjKaj JjS j4 ial (J-ill 

( b ; Ca^a jl-4 jVl 3tkjlj (J jis_) obI>U. ^ (J jSu JjLi-a £CaJ Ait jU jVl ja 

A _jAjoj 4_uaua <Joj_<ab>^a ^1 "‘Ua.jjl' 1 Cij? jl n all ja jjaS C11a .^.LuaVI 



-° t - <ill AajIj (_Jjlau (Jjlaua j_jic 42l jn'm 

(j—* A—a^jUa jl__A jl j~4C- {A _ ]& |Uj£a (jAjaJ)) (j-aSjll 2il ^Ic- A<u*J ^211 
l» j*it"ij j\ -J> jSfl »-■ ■■ dilc-Lj jSjj <■ J j » ^i-wv l' 

(j—4 3 % jlla jL_A jl jiA Vl l -a SaVxJI Jajl! Cj'(_$_ jSLdl (JjLa-aJ\ 

(J ill (J_ll) _ Li^Jaj .(_$ jwl) (Jj)-wiH (JjLu pljjt (Jajll Ifljlc <■ ftttjj (Jjutn a]1 

_Ij (JjaaT^-nJl j i 2 i^alAjl djLa jL u a ll (_g Jjlii) (jill 

^ —1J A-i.>j3 1 .' w ‘ . Jjjuaa^l (j«ii a jlj jl AjliJI __plij Jaj 

£<lj—il l 5 -J>J <j-a S_j3j *-j5jll (_^aiu ^ L$1 ^1 j 4 LaJoc. j\a jVl j*a 3jualik jjl 
If. 2. -inVIi Qjjtx jjwr% o ojUj j-a (Jajli l-ijl!u Ail (jSij l( _£_^aj 

•*— J* Jj- >«-i*ki] 1 jl_A jl ^paxj ^jxc. (jius ^jjmJI£ 1I %o • (_5jp j (jjl~i <i 

£*1 jj _Sj 1.1. 1_ (^ciLiil! JaaJi ojSj <Lui 3j>».iii) (jjiil (jalixjl jl A^jjjj 

(jj) ill f J ‘ (Jll <, Jj n-»n»<al\ djaLu (jjj jijaLijii £jil Aautal 

. —JjJ (jit) AiU llllatjli (jlaaJ lJ £,^Jj . Jja-oa^aJI jIa jV JaJl) t_iAaJ 

2 jViw* (Jlaji (_5 jiu (Jjl-. ■« 3j&jl £iJajJ (Jj 1 '**-• Sjbjl J^ill 

-< -j;'* £-a dsVjLa-all oAA idyjalj Jj> n-k/iH jlft jL Aj&j^I oAA 

O- jjjj >Cucumis melo, Brassica napus, Trifolium pratense d^> 

(.$ j&i- . ■» Jj1a-4J CjtiiiH Adlft (Jjj-qj-H (j^-“ (jjjj (jl 

2 -rajj Jij jjlalLjJ Jala (J^*j J2 (Jaall jL 2ijJa3l si* t ^ m» j jSJj 

^ «a Ajjlaj ^jlt 2i)Lu]| (_gjs}^\ p.1 ja»Vl (j-a <Ji jluji (JjK/iti o-igjk (Jaal! 

* 

(jj*i nWil 2«it ..Al (j^Jall (ja ^IjaJ Lo^oC- .pjllill AjLaC. ^glc. jLda 

.(Jlaall jl jl jaill 3 J=uoiI_jj (jaJajli 

increasing the attractiveness of crops J ><i I a aS1 SjUJ 

L_)l__aaj l yli .(J ajll i_ji=». oJiUjj Sjijjl 31jj la tilliA 

(j_JAJ (_$j ~>1 3jjlii CSy'X'M Aic. A3 Llltiliil! (j-o 4 ij.T^i -laVl (Jj^lall 

(jjiii%‘i (JIa- 4 jji (JjBH (J*aC- (jSrfJj .(JijjiJI (Jaii (JlLal\ tJ^-MJ ^111 L. 'ji-w jl 


-AV- 



L-aS .uliiSyij ilajoil<L lC. (jioj jjj£ 3 I (j£ 3 j 4.1 JJA ‘^J & 4 io£ 

5_jlil jj OlOijiJ tlua. . jj£l jjj-- j jjij (JliVIiLiji i*_llijjV ^jjl£-aJ .1 a jj A2 

jjj!— jU lji»J — lillj £»j . T. saliva j T.pratense cliblii ^ jjaa jM j' j®] ts* 

(jal-J (jifall i_jLkljy! (jjiu-j lal (3 p-j^' jiiji ( _ s jaJ1 

.SajUJI jjAa* 

j .Mi ^11 i__]1 -t Vy I ^-Ic .Xa 5 » j J y.-i-v ■••' 1 4 ajiL=k quhaj] Ijjjb jj^Vl 

lg_ 1 ^__jjJJ ilibUj i—iIaH] LsiliJj jijj ^LjUl o-lAj .(JiiU \jAa jj^Vl LliljLlill 

.(JaaJI L-IlA jjlc. AJjluLall [J^ljxJl 

jIj.mi/'H (j—a 4 —ijil! Cjljjja-a jjxJJ JjjAjJI jljSJ ^glc. jjjj (ji (jS-a-aJ! (j-a 
ji^__ 3 l jj _Sc. jJjp Olaii 1 jd&i jjlc. jjjj jjUll ^judlixil jji jAjjj .4jj1 AjlII 

ji (_)_aJ (jiAjll jrtij jj-L^aii (jic J^wtaIS <j1 l-j jIajII CiAdbiji ^Slj . (jj=kjll 

(jj thrill j -ajjl tnVil 4 jsI£ A-Ajlj (j^aLkla (jJAjjIiJlj .'iUlmjII (j j\ u u\ (jj£j 

jj.4..-il jSij AlA (_5 jA j ^tSi] >*j\ jjiVSi AUjjJ lilliA jjSj jij .AjI jll 

j 1 . iA -"i(_gj)*»ni/i (jjSj V) - LaS jljil tJlsj V (^aa 

. j\ A jVl -^afu AajAj jjllc. Vj jljjlj j-aj]l (j-a Aaj AajAj (j nii \a 

• « ■' <—Aa^ia all J <LcIjla 1 ! (jl jj*j (jl I—Iajj 

("<' jU.H jj—I c. A -v.t j AS 1 1 Jiji (JjjAjJI jl^i! J 4jaA^>La ^ua 

• CjliluuJIj AjuoIa. 3^1 


:^IMH i_j jp. diljLal^ 4^uij SjLiJ — \ • 
Increasing the proportion of pollen-gatherers 

. -t J, ^ jjx A-olx- AilA^aj 4-aj3 jliSl CjlAsLa ^lalll cjjAA <i l A 

jjil! foragers (JiaJl tliVVi-ii jV ! jliij .lAalaci SjIjJ (j-a lil 
j j j '■v'i (ji jM.Ail (j>a 4j\i 0 jji 4jjJaaJI 4xa£ ^a jla jj ^llill ^aJ 

.4 ii^vafl (j-a S jlj (jJc oAtaJi oj. 


VAJLxiJ^ 


' 31 
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S 4'nrtvll 4 jj jl ja f Ii.jII jJ iIjI^aaILuaII J 4jj jaall C U111 L-J 31 A All Jaj 

J.lij cil_lit jjlc.j .4>lall dliij tilljaaiuiall ^aa j»J jaj j*J.;Jj elbill ejjS Ajl^j 

f. j > 1 + l _ i>“-a (Jji (3^2 el jai ‘l - 4) jlilll LJJJA 4itrt-J1 

jj jl_Sj ■■■•'" ^ j jj_a i—iLa. J ULpi IJ) i_iUiu jjill brewer’s yeast «j«i 

^ _ j j *j 4 i»rtlll 4 jj jj ajbj] 4.iai$ 4.1iijj £jj J 4j\Aj J ^<—iLa (j^sm £*aj jlaj 

-sill U4 —iaj J_Sl jll jb t>y\ (J Ui J—I til—L ^ aj . i y* ja i_$ J—3 

£-1 _ 5111 L-lj 1 % ^_ j o ji _ IS (Ju.rtl i n jj— S oJj . > jail dll jaxj _ lua!) jj_ 11 

— =J1 J—ajll jIj — »j (j —a (Eucalyptus spp., Gossypium spp) db 

jji ^l$llj ^1311 

l£-*4 3 —SJW £■1_sill (_J^ial IjtAV ejLj J.C. dl ja*J-uiall d.l~v liJajI jSbu 

. AjSldj A'jjJia. dljllalj l&jljaj £a djl jaxjjJaJI oJ^-J 4 >rtl all Lgt ^JJA jjlia 

J ls3 J—§ Ifl juijjj Jjjillj Abldj C |l (Jjljij AL Jail o JA j> jlUn"] tilij g-aj 

—la . 2 - iV (_gj ~kl Ol jaxluva Jl ASj Jail ^bial Jj AiLuoyb JtaJl jjjuall 
jell—J jjj3 Ijl ^ jl&j (Jlx5 JJ& lift j Jj Aj Jaall AjjJaall dlljQaj 

.jiLalaVl £*jaja (j^aAail Jj dll ja»*liaaI 1 (J 

pollen trap ^LJilH tajja oxua&j ^-Uilll All jl j! Lad £■ Jj iSl 

j jjbLJl o jA > ,.b.iAli jj jjlS 4jl djlajll .id jii jils .^2 tail 1 Jj jj 

A i jlbJl dll_^A*jnLa]l jC. C lllll t_ iji% dllxala ja ^a £1 4 i..'i t i jy*, ^ a 

_illl All jl jlj j&j dnai Ajj1j3! qa Jj ja t ^ i\Wij dllj Jlj 

^iIa (Jaj Jj (Jaill Ij* (Jjjd J l Ilia Ajl^U dl^l^j Aj J J*j (Jajll j>jl ja 
(juutll ^Ljjl du^il-k c lilll JjUaia ^Ijiiaj jL _jjkl di.~>.b Jj LaS .jjiA.J] 

,%i jauj 4.uaiaJl Ajjjjj %Y £ 

j)L jJa^J J ^13 i- ^ ijj-v ^aA jjc 4 ja j {j=kjll ^Ja. mJ j£aj Laajl Jj 

lj i A. jaftl Jbj-dij sjaxi—i-iall 41woa jjAbaa diaj Ac J diljUal 4j 

.4 Urti i. 1 1 jjjJl .rt J jjiLS (jlia J_jaj j>Jc. Alla J cljaVl 



0 

~ ~'j La LalVc. [Jjl-v a i CiIjjUuuoaA 4jJiu -lie. c m\ Ujj-ii o-ibj 

i ~ i' » ^.1 -v J1 (..* it n rtl v (Jisjt CjVIjLu! .l! jii <iljLi J j .v * il l ijyt 

y_9 (J—J L>—(_$ jfLwill JjbwJI (_Jill (JajII ^ . hi»^1 .^Uilll 

CjVI* —mi (j-° JyA J (JLoaI IjyjiJn JJij 4 jLa (j-a 41 a j-a J (Jaall ILa (_$ i (J*^l 
1_a-)J (_SJ$ -ujl {JjIn^aJl OjAj ^a/u LOLill (JaA« -lie (Jasull ILa L-IUC-J 

.&±J\ Mi. (j-o (jiaJi ciVi*** -Wy 

c-j ■ <■. t _4L^a ^jiui JJakiU CjIjjucIuui OjLc tjjaJ L-IjIaJ J 

lg—*-»a. j\ -i> jj Prunus avium, Trifolium pratense, Vida faba J jml-* - ') yLb-j 

lllljirr'i -ui/lli ^ -A <bjjUL« Jljfiil J& of J r,T j YjY j- ■' -llj ^Ulll 

t-lj —ia Ci\ -mLsJ alAj^l ILib Lojjj s-lii jjAJ CjSjS Jill 

5^.axJ » , b aI' 5 j^xj (j}^ IH -(j-iA j]l C )l.n a\ a qC ' J J * "■* (j 4 t-JjSllj ^*- mU ^LslJi 

" f- ojLJj J IgjfrlaS ijia ojJj J j_$jS^ull J(jLL.aH S-5 xa1! 

jll IwJjJA djLuaLa. <Jjuij Lueajl Ju jj jS lg.iS.Ij ^13111 UJ jfA tlllx-ali. 

«j »e J=»j-4 LS ^ ^xjsiiil SjU j ^paxjj 4g9 Cutiiaj jll (J j i /~i~a .a l l J& 

• Jja^aa-all jli ji Wj jao l_)l jai Jc. JaII! "■‘UajS” 3Jjla-o 

,(_5 jSLJl (-jljJJL (j* ■^ a3S 

^jj.i L-uiiaj .1L f3 i~“>i j4«* ,,i jjjj (jjSj — IjIjaI 

A '^- (^JjjU lg£jJ jl IgijSj IgAj^lj jljJl (JLilllli jjjj Igju-iajj ClijUa] 

(j.-g. ^laill ^-4=k (Jal cjIjajij 1! siA (Jaj u' V] 

.3_aliil Ig- L -g ^iLuayb ^iiJaAj OljUal {jjjv'i dll_j-o*JUi«Jl 

Ol j jjijsJI aLft (j^ O 4 ^C-j3bj A£LJ1 Cilij-ajS AiLualj di!L (jic- ( -’U i J 

(J-vjll a^ Ti o.bl a j^mlL.wJi ^3 A-SLill JjAj JiLa ajjj^ 23 A. t . \ », ^a 3I 

jj — 0 0^ <J—‘^La-oil jjc. jiij <jl VJ -cjlaJl ^ mil j CjljUayi aljj 

^ av j! ^__JI AiL-aVb .Igjlj 4 i i >■■. U jjilj jb- jJ^a jj jS, i . JJ ^tLu-all AiniaAll 

(jli ILl .J-lilll t_jjia. JLoaI JbiLa'V ^ 1 L j'liaJ Axj jjl Jl i_4Sjjjjjj ^-ISUI i—JjfA 



lift ' q j’f- jjwft Vi aH ^-Ic. (-_Ja2 LaJj Ljjjsil a.i«i 

Vj o ja»'i _x ha' I CAa.biV Jjlj La Aaaj Aji jiij ^ a> /jl jjijlb 

^ Ajj A3j .o^njJj...■■ /,] ' C)ULiiaAj o^iILla CjII ^-liill ^av ji 

i—ij. }*» (j-aJj j_jjx. -j . i l jlAjJ ^ij Jjaj ijill (Jaull >. .l-vTli xiiLi 

■13 — (ilia *.1 ja.J ^j_ C UJ j (Jski! uA»a?jJl Hi .^11111 

^i_jia.\ ^jc. jkill c_a_^i-aj ^liill i_ljia. ^aVj OVI^LaI <AjI^a*Jaoa jrtijl ^Jl 

.(jVI 5 CjI_ja«a>ua\ 1 (jc. tjijasl ril^L ^Jl (Jjx■ A.i‘A m 

a ^ j__i (J i riij (_j. V 1 3 j'j'i Ajl^jll ^ Jj^^ua t ,)UV.yi 11 a Lajjj 

. CiLLjJI (ja 

J ->"»ll tJS—(Apidae) A.mellijera (J—uuJl J*j (ji is »>• -^5* — 

(j—A jo— jS 3 lg_ a.iij ,j— jJI CjI _oAil !j . jl_ >iliy 1 —allj jIa j!)U ^SLJI (jjjuSjJI 

A x.Ufyl ^_a ojdai (JSLIa (_ 1 j i i) jJ (jSij . ti^. 4 _«Ia 4j&ljj]l lAAiuIl (JxkolajJI 

(_jai.jll iIiIjIaa] <—j| ji'ujlj 4j».j,iijjl 4jj.*.-vll Clt%£\dl £-A (JaSUlIj j5 du% 4lati 4_mjll 

2 ■—■ xa4.~x.I1 lIiI _aiLt]l Jxeii l (J^J JWji»,«j 1 a.V ic. gjSVill 4 jLif t jaa3j jSj ^lilll <_j 

jjJ 4__Sj*aj 5A j1>ll 4jftlj jil Lluoj ^3 iilll qa 111 - 4'j. a 4_uLu £.1jjV 

.4ajjx1I jxau aI^-x xa o^jjlulal! 4il^ll ^ (Ja^lLq ^~kVI (Jajft 


: Using bumblebees as pollinators Obsaloi' jofkA^Uif :L*6t> 

Bonibus (JAiail (Jaj 

?— 1° Va (jC. 1 . A~-^] (J__ij j&j Jftl 

^J _) Y • « j'-' L_ijju .Ajlill QAlLaSI 

Q—A A - I aI t all (jVlL ull ^ IgA^HiA 

• 1-JjjjIj A jH a .*11 j£j^yal 



.1^«—Jr 



£>-j J6- tf* ^ ^J 3 ^ 

jj-jIaj (jj-»UI J»j « j akj j m a ^jli S .SjJxJI jjjL»Vl Ciljli ,ji (B.afratus) 

•LS^J _ iiyi J — aOSl (j»« lj_jlaj jjSI •uUoJI (JaJ »j««.*ui>4 p jhfy jjjjS ^J 

(jjj i?i»ll OJ ~-ill — j 'aj (j«9 2J^^ia oJJu (JfaUll (Jail plxll <—i j& 

(J _s < _%iUil OjKIaSI ^aii (jui»jj annual ^ulA (JaAll o! 

•hibernation i5jo* 5 ^ ellill 

’•Annual cycle of the colony SjmIumII ijljaJJ SjjjJI - \ 

* 

taUacJ Ulu-oII £ujll j# U i Jiill (ji jjUl qa fclULU 

ix-»l ijz jU ji\ »jljj yi iapj (jia 

I > IJJ jAill (j! AjLji j Jajji. AjoA (j 1c lLuI& (jjjl lfr-jaj\ U Iajj (illil 2.%.iuj .pLjl 

U —a i.i— n 2SU1I ja3 (ja 21ai jaI! oi* Aicj . j5< jj! ^ jj^loll ^ (j-ajdl 

j\ J+h\ ulLa jl «J J> j-a 23^a, jl jjj JLk JS* l^Jtsl jjc- 

(jac. {jft SjUc sjbiiS t£^' £$>*1! J4& 

jl {jail ■ Ji ’J j»Sl jj ija Qjr&i (jic jl cjtxll jijji JIu LyJJ UljjaJ 

{jiajVl O — t J £__Si>» LH"4 LoifJj .(-ilUJa jl ^21^3 cj'jj^ 

f_ya —*J jL—jaJ . jl —~ u»l aJSfi ^Jl Cll jlcuLa ^•Jru jja <ljla ^lij iS {3^ ^W 3 '^ c ' 
OaJ t^ SniA i i a J^aJ! ftliji,yb j^aJJ j^lj J»la*all iSJ*Sl\ 

A—Li*j jj—S IJ—U ( \ ^ (J5—«) (ja*JI (jjj ^SLJl (jl (ja j al. 1 . 

j bn pj • Uijjau yj] isi^i C3^ C* pjij <itUk l^jla'.laa^y 

JtjjJ ^ ?£LJi lijj pi >t>< >ajJl jia, Ijij-w S^aaU iljaJ (ja*Al ujjjajll 

intersegmental glands CiL- S l- J l (j__u jj— ill j { 3112 j <j2c- 

2—bi (jlft egg cell 2jjJaa« qjc. (Jjt SjLJl oOi (ja JSji2j .(jkjll 

L-lj- '■•> 2__jjJaaJl (jj C- Iji £iJaa tillj >( ja»l! uijjaj 2-Uaajl < Jl£. jj. ^ .wa 





‘u tP 4 


ji' 


jUi j yyy> j t -£Jo Bombus lapidaritis jjjjMi J-»Ui Jji oyj c^ j> :(> A j£i.) 

vi.' ■.. .ft (.illP 4ljl ^ VgJ>l3 &£’ j^5 4^ill 

4—i£o-il ij 4j~*3' J*3 jl—Jt <j J-*^ll i-Jtjt .(^jlwbsJl 

.jr UiJl J b^i-l ^ 












fj—; (>) ly>K —* yd I jwsji :(^ ^ j£*) 

«.\pj Jjt insi jt Jjf jto lT^ 

^ jj^ ^ ijb 1 J>li ja-)\ i^ULs ^aj (T) jl*il ji Ja-.j J l±&- 

otf jJl ja*t (T ) oJji Jj ( _ r iii t$JJi ^151 
It y>£ &Jil Cj«-£j US' ,*.tjJUJl J,ii U jjb J JtjU Uy JJI 
JL-WS3» Olj— Ja—n Ja-ijll J (t) Oi*J' Jl j&J' 

ft>\ juijj (fi) ,^i£Ui J—i«!i jijf- J lijUll UjlJicJU*s-»lj Cjt y 1 

.li-iai-l ^ SJUJ^ >1 ^ 
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_I) .£-11111 CAj^)Sj A i .Hi i 1 ‘ A jyi l^jlc. £-11! 

11—ij brood cell 4_*< ■ >r>11 (jjs ^^Id lS_^ ^J^J ^ n »* >1 (JidJl <■ ilm 

c-1 —h £-a Jjl £-*-aj •( \ ^ JfLi) iJ^-JJt Ajj__>£j Ailiji jjiVl £ t jw-ii 


4jt A ’^'» ^J*V ^U i< 4 AL 0 JJ i—tjj) j*- 1 ~- .lie. (JI 111 11 {.Ic. ^1 4<.Uli 

A_ilii-d! (jjUl ijkl ^yt oa.1 jj Bombus _11 CilSjj (jiii .CjISjjII Aj.iiil JLaJI 

simile. tjj*j (j-o Jji Ull j»lc Sladen jlSj (J^Llull jjli 1 *j5 Ia*. 

pollen- <—J_yia. CjLi_^i-a l$jl& g»l_jjl jji aALij 45jjlaD — 1 

<_£—a 1 $—ij=Cj ^1 —Sill £-“Ji £l jjS/l oii CjVliAl storer species 

ol—Sjiaj I 4 *—uijj jS ^ill j abandoned cocoons Alaxiui-a 4 it.Xa. A^j] 

t^J^l—J jjlj (Ji^aj .13 tlllftliijlj l* it il jl-i."1 {JlLuU 3 ^11 ^ a k tiH qxi AjSLjaj 

A jc. jVl a A_A (_^ CjSj ■ _ 'jj-- CjVI.xj.jJ1 (JSjjj .CjL-ajJ 

c \_iUl M j_ —Ja. qa £ j] (JjLm Jajjli-a <J£ji Ait jaaJl oj^^joll 

A-jS^a a jAj-a l“ A -yiS (_ 3 J^Lj fjp- j^&lj a jAiLba CllSjjll (_g.l»Tl V J ■ {JtaC. j 

c-jy < 1 *lit larval cells AiCaaJl jjyc. AjJ-idl Ifrl-l-C 

( ^ s _2 ol__pJl SjjJ . CjISjjII ■. ail a 1 A»iJtjj ^ 13111 (J..:*ll 

^ Hill L_j^ba. oUjA./n Aj-ol-i. |1 ^ t 1 A J 


CjL t~i1><ij I^jIc. ^>|jjVl qa Ac j/l-^ji l^Haj :<ujli!l Adjjlafi — Y 

CjV 1*JJ1 j CjlSLJl (jjjj i‘ut pouch-maker species (jjjL^Vl J> c-il^^Jl 

_jLaJJ CjI_ Sjjll 4_ C-js.yA QA lyjS AjuflliJl Ajxj>.M) C-jl_^Jl qa A1C 

_ 1 1$. il3 jj i_jl j__adl CjI .. til i-n ^3 Ljlxa.1 .^11111 1 —ij.,l-<-j 

. CjlSia ^jj-aj Ica xj ^Ij regurgitation 
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J .—fa \\ ... .jj AjAiSil CjLsjS <AiL-al ^Jc. A£LJ1 (J^ju Aj.\4IiH A*j 
I iAj . jA—*Jj dilS jj 1\ (Jjju ^b! o^JiC- jaj Axjj L»LaJ AJj_^»« 4 OlSjJl 

egg cells A—iwaak (Jac A^Aaluuj Jota^Jl ^u!Jt a£1a11 cJjjj 

Sj&ilt ^_jiiuuj - tj-v <11 ALK11 ^jij (_$ jjj jilji «j.tr. ^aJ AxJj > 

(_i_iiij ^j... ..5>l j £ubJ A£)Ij jaj AJulSJl CaljMi-xil (jJaAill £*-bj illSj (j* 

J —"< ■ - jj .^1 . .*irtll c-Ia - Uj AJaiaJl ojljail Aa*jA l_j£)tLi.b ^ajll lLi! jj 3 (Jjb 

(j—ijj £^111 OJ LS^ Wa* £ LS^* L5 3 ' 

•iaA2 «,IAjl! 1 (jj^^ Aji^ i aS t£/la. biyl 

d)Vl*—>i 1 $— h A a a (j j— *Sj CjI jAa.ll qa Ac^oa-ftll £ jja. UJift 

Uj*^lx ■*" (illj ^lu LaA,iaA .oAjAaJl AqjuaaJb AjbxJlj (jixll £Aujjj ^3 AflLall AuLjJ 

j -» A. .. AilSll Aa j^ l ^ Cu«Sa ^jJl CjISjJI 4ja*j ^ !aj 2 Y’-Y j-aail q* 

^ 11 Ifl . jJraj £J —aj fU t — r Ift J-oC. ^Tjkj->j LaAi&j A£LJ! A2)t*Aaj ^gill 

^L..!tV»jb CkVlxJill e-AJ JJ&J J £*11111 ^aaj jll (JlaJl 

1 j ^_i ^-lijj A-afr ^i Il aAA ftb 1 jjC. A£Ul l_i3jjj 2jjl£ Ajrt^J f.lA*ll £-iaJ 

.4 U AjAxjj Ajjbjaa .J (jAaull £ii<J ^oluUj 

ts _S (jj_Sj oJ-ma**a 1! Ig.yiTl ClVlibull (j<» LfljVl AfiJ Agnail Aljsl ^a-a. 

pljjl Cj^lx-ill (iilj ^C. jAa-4 jl t- Ij^u.i iilli Axj 2 -> Vi^U Cjluljll qa ^Vi^al 

jljiVl (>* obuj] Ijiljj 4SL»1) qa Ajlla Jalj 1 jSIj A^SJjjl! {Ja.1 ^al! 

J *-.»n jlisi dlVlxjji jSjjla o Jdulhiwl) Jjaj ^o3 (_^Aj! ^jlc. UIIa AxJ jjJJJ 

2 , --. 1 „ dlli jt-aj . 1 /i%a O^liji lilllj Ixu AftLijj AjjJaall j Ajllxllj ^UaJl 

,_y3_ *j A . . ^ . ju —?■*■!! f j-- * a_J J» > <a (j,*® 

.(JaUI (j-a (Jil j^StJ Ai alitj (_$a!I frlAill AjaS l^La i—lLuuVl 

J -LaJ <Jli—Ja. . 1^ — fl ic, ^jic. ^ ^jill ftb&Vl AjAaA ^ Alajll (jj 
£ Jl—1 a *i JU AaJjj pj iai3 (jutJ) (J^Ia jJLacI ?1 aV Vjl Cj'j/Li-u 

£ jl_aJi fjA frlAxJ! ^ Laa_i. Ci^liJiJl !ajj (>* 



1l —jj La-lie .1 a. jx j-aVl £-a 3jjUx jaxII jja ojSiJ <Ls,ja ^ 

CjVI* . itill A_LtSJ Iaa Jal (J- \« .a j tilll J*3j 4jli ^ m il ^^3 1 (Ja>lil 

J -■ -Ji.n'iVl 4iajll (jjSj t,*'i i~>. .SjiA Igi'^ -a (j-lc' 3JLi_ill j XJw*> . l ^va . _^Vl 

(JjaLII (Jai jj-al j5V $ 'i* a\I 4 tji j-ill CjI^jaaJ! (jAJ ^ic. S^lill I a^-v 

JJ—^ ^ J '7 k * > - _H^V\ cJ~vill (jSaj Ia£ .1 <v>-t _>^Vl (Ja^jll ry j!£S j^uj 

• l a- 7» __y » , t^aVl (Jaal! (jA jl&l 4X. jaa (jjiaj C-sLiujlj ^'Ull! <_l_jlaJ (JIaaJj 

* a 

(_J_all Q_JA«* kil/ll! i*'1 -I.lj'i-s.l ^_Ic- Lillu\ (JiaLJI (Jaj 4 aUJ (_£li1 tl-iijl . jaa j 11. ^“ll 

^_au til—11 £aj .4-jxlill 3jjJaaJl 3 ja£ l$J 1^3kjxll e-llill JoAij 4_jxS A a'it j 

Uj -uij cDla.j jic. ^-lll large foragers l^a. _>^Vl ^eLdl (Jaill 

1 — Aaaw ^aSVl cliVL t .io il l (JjSj (jt (Jada-al! (jA 4ilj ll^J A.-y jx.'i j j£ i-nV 1 (Jail! (jc. 

. till -w .T-La5\ <jIc.l3 jx^I 

— egg cells 4 iij-i-tll tjjJfi ftljj JlxA ill jj o_^a*Jjaa 11 ^Laljj llai Lalic. 

3 jt.A - uill (jj_Axil llfi jXA AlUll Aj&Saj (_£l]l jjJaAjJl llo olljJ (jjiijjj _ IajaC-j 

L_j!)U. j\ (j>- jc. 1$—Jc. ^gjii ^1 3x1 jAa-all ^3 numbe' of cocoons (Ji' 

( _ g _jll CjVIa— kill -U_& £a ^jjadjaII SI lie. JajAajj 4jLj jjall oJ^jj .4'i>ai~>.11 

ij_aj «- 3 ..'ii.>i~>ll ^ . 5>1 j3 (jJaxill (Ja3s t-isc 3iLi*Jl 3 a 11a (jjSLui 

(JSjaII IaLjj j {jiall COITlb (_><ajl jaIj J1S1 tli'Vljull 

.^Jc.1 jjA 4jll jinn Lc^aC. 

_a cJl— Jj-all A _jljj ^ jaIII Sjjl ■lie o jaxaaia ^ t_lllij 

.'ijjjSll ■'■»!' {_ffjfi-vj 215 •^'jill (Jill jjl-li A3j 3tlj^iAll 

1 -»'j; .31aJ t « ♦ (jj) ^ O • ^gJc. ^iasll ^ ^ujY T*— ^ O l^a ^Jjjjl! jUaj £Au (jill 

t « — T* • o 1c. ^uiA l^oi AajjjII jUaJ ^Lu a jj« will o^axAaiaII Ljjlaj 

^ 5 — i Bombus medius — ill J>w J^41' lUj OJ.A*3k>\Si 1 aIaju .J^ia 3 Lvi 
Jj la] tilia £^jf} iaj .3Jli*3 Y ^ AT (jle t J lj >i i^il l ^_3 AjjIjSjaI aAt. 

.41ijxa 1! (jlnlioll ^-Ija jA LaJ 4j jlic, jaIII (J* nh 



jj _Si 7ijj ^_5 p\ ^3 e j-ulL— ill j.jij Iajj t,, >;; ja-Jl i_jl jjil j-a 

• endogenous factors 4_ilah lUI^c. 4_ii ^ . a li aj ^ m l iimll <— isjj jl j-^Mj •*— 1 ^- a j 

IaaIjSI laiiij AiLjjij ^ BombuS —11 j-a aA j £«ljjVl Jllall 

U., u JS l^oIjj ji solitary queens (j aI ji!' CjlSiall j (4-i~JI tliliji £^a 

ej fir"' ini'll t.d~.A i . jAxll ^3 j^-»il ^ (jlj (J* • n " AS IfrJIt elij (_g^ 

J iLjjjj iIiIjajsj -in-a <—iSjjj lilli j^a ^jijJljj . ^ojla jjc. ^ta-al tjwoSj oi l'll ' 

.OlSU Igjjjjj ; ,13c. iIiVIjLaII ^IajI j£- 
jj -Sill g-Ijjj .a^Aj-L^ili jju Sjji CaSj jjSillj CjlSLoll j?'"' _ tSs>_y> 

4 i_. .uii ^—fej £t—lLa f_ya —-U j<a tllVlijill (jl a tlllSLall £ujj jSlj ^sLa JJ& jim jji 

J Ci jat j* ..I 11 LaAic. ytl als.1 jjSaJI ctljiij . Uia_a jaS! Ijji I At La ^jball j-a CjVULmi I I 

till_SLail J-«J 1^4 .4-ulAiJi Ifril>1 jla] Axul (JlaJI (joxj j£lj Aj*j V J ^lJ a At 

U^ . . jt j (3^ jil j Aiu'i j .IjaS tlujj (j^ll o j pnli . iui ll (Jabf (JSaJI <^3 J jail-oil 

jj _3 jj_aj ^i\ Sjaxj-ulaJIa ajiia^all ASLall jJIa^j! e.Ljjlj -1 j-?>- 1jj S»j jjjba ^ISUl 

Sj.m'i_ j.,ii-.lli U'lhal <jl$j jj3 j oIajIJI tLui ^jlic JS-S5 4_uA^ ? U=J »i>I 

(_g^ u ull OLull ^iaJl ciljSj IgJ A (J-l-ucB bu 

jjSill ^jtJ £-1 jiVl .Bombus —JI ^Ijjl jUJ ^ jl jlll ‘ il'iaj 

(_5ji.l ^*ljji • jlia-aall tlllSlaJl j>»» 1 jldaljl (jS (jaLlc-Vl 

- j 1 ( j.jl c. t_ij5jll (JlLujj aj& j jl JJ^u Ij-oC (_^<1 jjLj jSill jllaJ 

3_jJIj ic-j-aa-a JJ^i jjjloJJ . jljJall ^ 4-SLall 4iilj Jau (jl JjUaJJ l^ijS 

aX-iil qa (JjLj (jlLaJ 4 jvjI j tlili jAu Ol jj3 £ _ s Jl& 1 j.nU'i jljJa dajjaA jiVl j^ 

j 5 _S^JI jj— uj J^l=4 jll >« jjJb Ia jAil mandibular gland 

jjJaj — f^-all . jjSill jxi JUC jJJ (Ji-l-SJ tlliaJ ^Sj . ji-V j»JJ ja 

* 

JaSLo _J a*0 L«JJJ 4 c.1jui Ixj <&Lui ^jljjdl dUj ja i— jjSJIj jl (Jja jjSill 


»> 


. l*”' (J jldill l^jlj j 4 > slull 4 SJla 11 Jjij Ait ■ 1 j » •> 2 |jl jjj (jJAi tlllSLall t_jljp3l 

.oAJia (jAJJj ^ jail ^4jll jjJ] (jlilJj ^ ii-aaLa SjaA 
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.jjJjVl 'i/ill jojj JaU ClVl ii i t" (jc. C j ISLiI ) t -tVl V) 

jiaojl jxS ' _J^liAl LCa j l AajJ LaS . jAillaJI (jjj Ajjjj ^iUUl (j*J 

6jol\__j j< t-~ V a^uL^all Cj'i/lAiill £• l j/il qa jJJs ^yjj . CjVUtjoIl Alilj (_jAlj 

fji -all CjLajla AajJ g-IjjSfl (jiaxj .^jlAl.l]l ajaT*lnia\l JLafiL laijjj (jSlj 

* 

.IjluO 2_uiLi jjJnjl lo Cllj AjuoLA CjV 1» ij Jo 

: Value as pollinator giLaS 4-aaaJl -? 



J*“U' £_'>f ,>**4 (V * j£i) 

xbLU u& . jo-jU oiijU 
i5jjSi 5^sj SjlpIS ( 
of CjjJ ^J\ ^ Jj^nAJ 
.^lil (- 1 ^ J jJ- 


(j—a J_^l_j£ (JiaUll (Jaj jlajj 

■ o jj_*i^ J-UoaL *'■■*1 OfrlsS Cjl.-k.sl.aH jjSI 
jLaj^I £—^ <WilA iajS CjI j 4i£lj 


i_ij^2k JSj </>•%% l^oa jsLoij <^11 

jMkjll A Vnall ^sljoli AjjIj j olsji ^-ISill 

Gossypium spp. J-la] nectaries 

jt [3 fl^lill jl % >*1 Jo Aojaa C_iLioai j 

AjJjfiVl Oli jl&jSn 

4 —Ljiu'i AliolVl Cl! j Cll j ilia II l$jo (J »-<*?>■* 

ti-tj—!=• bi . . 'fl'i long tongues 


J_aj (j—a 3ilia-a <j ja! ^Ijil dllj £oj {Viciafaba, Trifoliumpratense <jLa) 

B.lapidarius, J—i«) short-tongued species Z> ji — -alll lj - .JVl clj Jjolill 

(j—i B.terricola j B.affinis j bjjji B.te rres iris j (Y • J£-i) B.lucorum 
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Vjjj_£H L-nAil (jj .lie 1 jVua'i Jj^aj <ji ^ jla'.i.ii V (4-JLaJUl j-oi 

J_ai )Lj jl& ji\ 2tljS ^ Cil=kjs jDLi. ^^ic. 1-ilj iL^Lil 

<jjyi]Vi (Alli I4jjljLa <jjLnl! ^l^iVl (jiaxJ 4.413 


red clover j (Jxaldl < 1^1 J^Ia a KJu j^Iai 

o . (j— » ^jja j (jJj JS jjSjjj .^jjA j (jajjj <^4^11 (T.pratense) 

(j a (_J.lC.L_j-aJ <—1-JJJJ jjS jlAjVl .a_)A j ^ ^ ojA j ^ * ' CS^J 

a ju jaJH jjjll (_ya jjSI jUjl 4j3_j3all (jjj L$J ^J 4-“3Jl o-S&tSll 

A ajlill Cjljlli jll (jajjjll jU jVl OJAS cDIa Jgjai La£ .tiilj 

^ • (j—3J "1 QA LSJ^ji^ Ailjj . ^IjVl AjiaJI qaJJ)_) 4-La%*i La* jj£l jl-A jl 

.^ilLoii 0$C- tlAiill JJAJj ftjps QA (jjiHujJJ 0jia ji ^..JilTk £tjSj5 

jL A jl £ lifcil —£s Jajj JiaJl Jaj cJlJLL qa JJ1 cilLiA 

VJ dll_lill jIa jl (jlc. <aj^Sft CiLLSja. qa jjj£ JJjj 4>a . ^A^Vl jiAna__>all 

_jS Cllj-- ^ tffiil l ^JJ -LlSjj jl! Jc JnijJill ^lc. ajjlS Jji Ig-ll 

A ndrena wilkella, Melissodes <J * . fri jU jVl £j33j j^le S jiill dlLaa l$iU J»-ui 

•spp., Tetralonia spp., Megachile spp. 

^.l_uojiil j\a jl ‘LsjIac ujV^jiL> AJuuiVl 4L^Ul (J^j j y^' j 

(jLuJ 4 j3jj^11 lLiN'i iU ^tlsj ^le- o^ii^ajl (_]£ Jc-Lwij CiUJw 1 

^ jc.li ^ilLa ilu> S^>A jll SJ&13 ^Jl ( _ s -3 

C.objl (.*’ 1 — - 1 A ,1 lljjjjj -a ‘Ulijl AlC ^Auijjll jjAj ^lul (Jaall (j-a 

JJ_Cj JjAjJl (jJjS3 ijAJ S^jAii Aa.jj .L*jjjo) 3ej_ji*!l 

B.lapidarius, B.horrorum, B.agrorum, B.ruderotus jt-illl ciu^' lJ=^' 
B.lucorum, J ^ jjLalll 5j u^a ^ <Jajll jIac-I ^a 4a)UJ 1 si* 

.B.terrestris 
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tj *u "l,0 — (Jlaldl (JaJ (jJa*j _ Jaaii ej*iJ 

B.terricola, ^ — Aj j^Vl g-lj — iV'j B.terrestris, B.lucorum A — ajjjjVi g-lj&l 
jlAjVl acijS (jiajij V] (5^jH JJ J jj-oj31 ^jWiou V B.affinis 
CjUUJU CdjdiaJl till] jLa (jJc. (JjA-aaJI 3 jjj-oSM 

—llj J— kuaJ! (Jai “primary” robbers AjjjjjjII jl 

jjl - Uilll jj. . .-«aH Jiol - ill (JaJ U^c! (Jliliill! oJXjJ (Jaj (j-4 

jt (j-oj j-olll ^ ll jpj o^A (JjLaJall dlh Qji (3ia._p1 

—aJ jj—* 11 JaalU LiLj l$Jl jUjj “secondary” robbers CjUUoII 

Jaoj (jS) “positive” bees <1^1 JjjWI ^4^ <J=^' “negative” bees 

Ja jS?i 

■lin. »aj Vj jjJ dl _jjJ SjA jll jlij V jIa jVi A&ijiJ j\jJojj[\ (jl 

(Jialdl cJajj 5Jaijj-dl jlAjVl cjjaj 3^1x1 l^h-ij . {Jajj ^--v-jah 

,1 ki .<jl_udll (Jj^laD (Jialdl (Jaj qa 3pl& (Jsi I.*ll-tSL> liA JJU*.) ^jLJJl 

Tj\ \g— i& ^ V» ^Ouj_^d! Qa _jj4k~i UaS £A (jLailll JJj-cadl (JiAd! tjaj (joAsu 

(_g II j . (J uJtll (Jaj j\ rfum [Jijjldl (JlAdl (Ja-i £-a ^aLuIj (jill ^jidi 

S 2 4iil& (j^»3 _jl& ^LJll (Jnj (JjJla i_ i~l> 

0 _&ljS (jS ^glill OlaJislI (jjJkjB (Jj^aaJt qa (J»aiSl (Jaj jIa jVl 

.{jjl i till Jaj AlCj (JwLjll (Jaj M£- diAa .jj • jIa jSft 

%^ V* jj! ^jil_ui .<■ aVi-^/i ailjjjji jj£Jj lijjjl 3£>lc, ^aj 

4__i1 v) J_ cs^~ JJj-diB (JiaUll (JaJ 

(j_9 AaijjLd! CllaliB qa (^i ajit cjfoldl Jajj (JauxJI (Jaj ^oaj ,jl jAjj 

_^jdl ClL—jUj (jc. (jU-illI jUrfaSH (jjLdl (Jail! jUj) ^jS-aj 4ji iajj jUjVl 

cjjSILj F?c?a jariva J Phaeolus vulgaris JjSj ‘^'-d j jj 

. (Jjjuoajdl (j-a 


«\~ 



4 L'U yj, -j'l Ia jjLic. (jl VI 4-lki (dkjiia lajaE. (JjalJl (J^-j <jl (j-* f^C-^jlLj 

j j _fa _ lil-li jjJj Aildnyij .AaC-ljjll Ju ^1 ~t all (ja a_^u£ djkLaa ^Ailjl 

• » 

k j . j_J ji^J Alia (jaj tjL-kl jLSa O' 4 AsAjJa jJC CjLIjOJ (Jadll ^Jjldc. jlic.1 

4_:_i L5 —3 ojjlj (jj£j Ai Ai^ Luj^j ojij dslj La ^jj a^ids. (j_j£j laAic- dllj 

4 I I 

djl y. i j 11 (_DLA d-ldaiiol (JjaLill (Jad ^jLic. (jl Jjiu _ dllj Sjlllc. • i_S j^l 

(j*l -V-Vl (j£l-al dlj-aA Aic.ljjJI (jiajS/l is^ Ias* A-fi^all “Lc-I jjil (jV AL j An II 

^ 'al l Aj^ull jLa jVi Jr*'-*.} (jail »H%.1I djl.'n’u jl ■'•%.'...1 jji LoS A jarnl-il l djLaillj 

^IaIa _juil (_£a!j £—AJ_jil ( _ a - ■ -3 Aaaslii. <LplAiJI AjlAlAal ^ cJiaUll (Jaj Lgjle. AaA*j 

■ "» >-j-* diidaj IaI .(Jlail (Ja*j ^jll tja-ill Al_^jl Jj 3 ^1 dll j ala Jl dllAiin 
i*'l rA \~A Ac-1 j j (j^jl^all diLu^ajull (jaj . (JjaLill (Jij a^lj_j 4 j5j£ (jLnJ 

»■-—a pjA—ill Aiaji pliil djl_^a*Aui-a]l djl^Lua.! Aval iadla jL& jlj aj. j» ‘■■a 
.^jaLicVI (JaCj tlAjjIl (J^ill L&aAjj Acjjia yi& <1a1s <*~ |l ~>1 nil dlJJ 

■'Artificial nest sites Aa&tiual) (jiLifrVl -T 

u _1c. (j U-»jj (Jfai-ill (Jaj Aa&Liua AaUl ^Ilja dllaail (ja ^)-uS 

a _Sk ia ^J) JiaLill (_k-j JjLdc oaL; j Jjaajij dllij domiciles ok AaLSyi ^sl_>« 

- -3 (JjUaaLi-ail L^lij ^jS-u dlljaaluia ^^lc. JjjudiJl jt dl k j?L r . ^ AjII ^LjaJj 

C. ^J jl (J —JaSU I- a a^Lc. (JjaLJI (Jaj A ll'-t all ^-IjjVl jV Ijlaij ■ 

(JjUasl—a-ol jail oJola djLalla (^aj ^1 jj)1\ [jauu jjV l_p=>JJ . jk jVl O - A - ll'Aa 
IjauUVimlj jLui.] J& ^' 1 j :l l L V^Jl jjlj lil (_^ ji.i (JiuoLa-a fjC- 3- ij» a 
. ^Lajliayi Algau diV^Luf jLjti'vl jl A.'ll'iv a (J-UaaUwa 

jiLdii oj\j jl Aacliuoll (jiLSc-Vl ^Lsl ^a (Jjl \ ^) Y ^lc Sladen 

(jajL_jiak ;j -a (jajtll ojLa ^aV» jad (ja jjaxll •(JfoLill 

c. 1 .d li AJila Aj^jjL Ai^jC. oAtU J ■ -A*m .Ax3j {J^au pUa*J oUaiaj JLMklj 

%Y1 (jl (ja t^Y Y (JiJoJ (J^ojVl ^k.uJ (Jaaaj juujY,© 
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^ \ Y (sladen j*) tjM- JoJi\ jJa-< ( Y ^ j£i) 


(J *- 'M I44S jSlk*U ^1 l^.La jjjS (jt V) [Jajll Cjl£La 4 Ja*J jJ (jiUlcVl oA& 

jj1_jl11 jj , .la; * * JJ3j i^jLiL^ala J AjjJajll o^LjJjl 

J—a jT j.. A-lj AjjjII ^2 Aicl£ (jSJj jjillj pliiij A_ ul» .<a ^. -vii uo Q-a LtuLji qjSjJ 

j\ -3 tJ^O. Ij\Aj 3 -> £jAa^Jj .Ajjjll jjll 4^sAjL^a]i oiC-ls 

^_3 (jjSu 0^3 3 J ^jLliuaJl i^Sij % i V jj! -W jj 

, 2 _Lol£ dti_^^w*iiiio JaS 3 \q *«■» % *1 V 

■ *'->•"■ 1^-Jjliic.i 1—1 iaJ Cul£ jSjJ! ^JuLuiIl <j£.lli_aJI (jiLi&Vt 

ut ^ l ~- 3—je.1 1 *■ .* f-1 -.1 >~». u till} AxJ 

.i_j_ jljaJ! .1 -J ^ 3 ujl j 3 -ilAa (jjjlLua qa (jiLicVI ai& dijj£j 

(J_ijl -aj^a (jl jiill (jlLifil JAajj (JjwlJl (Ja«j (jV \ jiajj 

IaA (_gjij ajlS (jljjilt Cjjc j»a L_l_jfaJ1 (jiaxjj [jijj jti (JS ^ jl 

ill »"' (jSJj ei& qa % t • jail jjialil! <_J_aj«J! 

.%r,vjau ji uw\ ^Vi 11<-JI aAi <-~ j/m>' .., a 



* 

■ *' ja. (JJjLujall ^gS Jl>.n ^jia3 AiLkrtH ^jL^UI 

(_pa—*J L»& . Vj^ (jjJ aJk-vll-U (jiaill (JjJlJ (Jirfiljll (J^-l tj' 1 -^J 

(j__-a 4 jcJ=l 1.^ (jj-lLuialt 0-iC.li JLuajI g-4 (j^ajV^ Oij ^Jjlii^all <iiLl f\A 

(2)1 ejjl_ I (_jj .la.jj (_pajSfl gJiu ^^ic. ^aTi4.i ^ ^h lxjLvLili ^_jJa_>^ 

^Ja_ui (jji (j)Jjlii^ill (j>i %0 • Cll J<ii"im.a Cij j£j dl^iLji] CjlfxLail 

.%Y • JJ ( _ ff C-l (_ji (jiaji AjjAidl (jjjl'iMall JjiS 3_bjj CiL-ajj (_ya 

:Laboratory domiciles ^jLwlaD <j£LipVi -i 

(j_e- 4jlawa3\ (Jxallll ti=>j jiViic. o-iL j Ai£jXa <JJ j»j al^»j] 

-lx]i (_jli JaxaII (jj 4j-alik jiiJaaj Cilj (jj^lii^a q^S. CjlSLa 
2 7 \'^A\ (j j .» ,a \, -\rt\I ik”l (j£-uj AjsI£ ojoA Clt_)^uduLaI\ 4ji ^.j > A j 

ili_oj .i— ic ^_li. t_i«oiiLc. o^/in*.n/iH \Aj *i JaskJl a_j*J (j-aj 

.(jlutll ajLaj (_gi%^]lj L-Jj.iaJ 


ij —s ajwi jJ l *Ujjj jji o - o- a3Li . O 4 Jj! j»lc. Frison 

f, 1 S-<‘ ! ‘- Vjj (j^ Aflvi (J^*^ (_3jJi*-a ^ui2 (, ’’ 1J~v . 

QA dJJuL flJJU j-J njj j>j (^jic. (_5ji!kjj ^l=kj3i qa 
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10cm 


Q -a till_a t_lj£ 5^a-aJ\ tlljl^l j ^JaiaJl (jiLaSll 

tilj^aluuJl c-iJ IaIakIui] (_jAjj ^ill tlKLJ! J^Sa Jli-il U^J '^^lil 

(j—Slj Iajc- 1 (Jjlliuall qa %Y • ^2 (JfaLdl tJau (jtaii ^C. Frison Ji-Ttl 

frl _■% QA %TY JaSA (jl£ tllSjjll qa (jIjVl JJ £-Laj 

{_3ja1_ i>~a Llul ^iilwil (_$aJ 1 ^ « ^1 1 ^oY qa ojjsll ^A Hasselrot tdlj a*j 

.(YYjiiJ ftlixll oA^lj Cj!a 



> ^ ®t flP Hasselrot 5 jp! tS^' ,,^-Jii :(Y Y j£&) 

.4J1 jajc—a t .14 ^Jp J-*Ul 

~\ < a- 




3jjjS SjU j£>«n 1-36. Luj moss djliilj '..llltWj (jixll a jao- duL» 

^ ‘l • (j—» %V ® djl^iot o^C. J^aj .AjfcjUa ^131 <—i^ja ijl-i.jj (ji j jUtml ' (j-» 
fail ..I'i q — -a (jiaaj duijj dl! jauuu dlijSJ (jJjlk-oll ^ d)j3lu>] 1(j lOVunj A£L» 

\ o «• B.terrestris _uu diaojlj ojjjS CjIj^*4aaa11 

.djlflLa diil£ 1 a *<■« i AA31aj 

j^yj Ijj?- VJ& rjjjlk-al! (ji olSLaJi Hasselrot j Frison <> ^ Jje aSl 

J_kl.} Aj3\S 3iilc ajl ja 3a jJ ( _jlc. JaliaJU ^LaoJI qa .SaIj JSjI tilli (jl 

.f° Y ^ (_j—1c. a jIja 3a jJ -kia. ^Ic S^jJbJI i-jjIaj 31 diclj 111 

£tj£Jj ^ Lalfc 1 jjO <-U*ij (jl (jfLaj _juiS?t <—ij_)k djAJ (JxullSI d)\_jaxAaj 3;lljG (j) 

.(J^sLJl (JajJ 3-UjjJl 3AaC. 3Ljla jIaj] (j&PAJ dlhllill 


:Artificial hibernation (^eLLiaS dilyB -® 

J_9- juaaJl t-jj g -j bc-liua Lijld ULu (JiaLlI dll£la (“.ijjj ^£1 djj?jLa^a dujA.! 

IjjjLajjJI (j<a 3jllk d)l£La ^Ic- 3j-aLkj £^^11 £yi 3Jlk dA£La (^jlc- 

(ja—iA (jj—L (jc- djl (^lo Jj^oaUj Sphaerulctria bombi 

til li <■ ..alljk ijjj -glasshouses 3 ja1a j (j^aliSl dj|_^«jj uaollj djKLll 

3k—mil ,(ja—Si ( 5—2 aid (JiaUll (Jaj 4jjjj a jia ^IajII li^J (jj ftl m ^IaiIS 

A ‘ilj 3_ualk -3xaJall ajjdxll (jc itSiuia (Jiatdl (JaS dil jm&ulg (rt-ul 
j-wVl (ji forage alcill (jc. iIiajII £jkjj ^jlju 4 jL J^IjII Jaj (jc. <_ijo 

till jjll (JS Jj aj/i*" i it nil p (jc i jjA ■ j - (J^ l .* a . 4jl A ^ S f I i^lh JdAi V j 

(^ lc. (Jjj-diJI (jS-alj (JSLIaII (j* ji&ll ^Ic (—iliail (jVl (jS^lj ^l^Vl 3j_jaj-ol\ 

(j_SI tilli (j^Uaji (jll ^lU=J ^-a Uclii-a pliiill (jajlaj (^jll djlSlall (j-a 3jSlS 3luij 


.LUc. 




(j /> ajikua 4yC.jl (j2 cJaj CllSla dyjj (jl ^ HI ^Ic. Horber —J [j^-al 
dil_Sl*ll £t-a—mj .^° ^ (jlc- 4jpJy\ lilt ksAj vermiculite —j ^jaUjIVs 





A _AJJJ (jjAina Jfc ^jla.1 dlu J ^jljjiallj oA& tjljl tjj Ji d‘ .. t I g. 

• ^ O A j m _) •nII 4__ '' - * i-v jl j\ LaAjg. bll - —q Aj.ril dA-iLa!] ^JjoIj 

til fc ^Jl twJjL^jll .. J\ i«J 5 ..'/'■t-' _yj)l\ J dASLdl oAA AaJ jjij Ajjjj (JaIj 

A _»jjll (JjjLii^a aIJj (ji.L^iil cIjJIj 4-JgJl tli^ull <_ulaji Jixj Jc d ll.cC. liilj 

■ aLi’JI j Aj^yjaJI <_iLj)Vlj Jajllj (jiiLbJlj 4il^ll t—lli~» Villa 


dll. J ill (J-fT-tJ -LajJ I dllj l.ull J ^ladll (jlasu Jc. Jj.--»^.l' All 

B. i jia 4ijjla Jl colony initiation tlilj a» . tu>/v1 1 cAjj djlSLiU ^jidll 

^a cl Lajjj .Aijall jl_Jj ojl^-all q-q Jjllj (jjJ.V1 £j l rumj jji ^ j all (jc 4jli 

I _ubat ( Aapk^>J (Jialall (Jzkj djl jcxAaia (jaAagta (jja (jc 1 . ‘ ~-J c$a 1I A^till 

Ji_nil ijc. !■*>•«. 'lij A^UI (jlaALa JJUJ Aliijja 4 Uniml Jail^jxj JcliLlI ^LaJVI ^AxJ 

. J£l djlcjsai dlajll ^AJj LaAiC. 3 iV'-> *11 J£LHa11 Jc. t-iliaimj OJAXJjjaII C Ajjj 

jjjSB dlliA jjjjliriftVl (jjAldjuo jl JcLtdl ^Ladj J-dl l jl JluiJ -l*e. j 
tluak Jadll Jl 5^kLa. J Jill Jljl JJ IJj jj& l^jlc. l_i1*j 11 i-i-^-j (JSLidill ^ 
AI dal i '-VJ La£ . 1 j ,M .V-l d |\,^UII V Ji 4A-i3A 4jlic. JJ Jliil 4 jLcE. J’i-v'*' 

J _ awll (j-a oAjxll Ale- dlVlxjuill jl dsLSAcll liLjJJ V J»*v o jjJiai j jli (jjALlaaali 

A—di (jiAliiaSl J j .dita-o > 1 ^gj (J^Ajj liii. C£r^ 

Lj a dll_^aJU uuill -A- ll-av . I JiS (ji*JI Bjl_^ak 4ii. jA ^ialj oLlaJi 

A—il&j 9jaii-alt C:UjAjJ1j PsithyrUS isp. Jj- ^ l Jllj cIac-S/I 

..'i'll ^ya ^AwiLmUl JS1 (JJaIuaJI dll_^a»*l>iw A iy<i-s.U ^gAj .dlUuilall £yn 

.IJ clAC-Vl t-sLiaSl J J jSfl dij-a IjTj'U sA=i.l_^Liil 


fj -5 l^allVnuV tJ^-j daijAxJaii^i ^IjjJ ajAa.Vl djijiuJ! J jji| 

—iij q -Saj jjliill dllia Jl j laj (jjLaall ^g jT i. acl l Jb JaaaaU-all ^jUj 

Uaj_d IajS dluJaS Allj joSI Ai Jajj JijjlJI J-^‘i £ya 4jaL-cu5I aIae.1 

•LSj^ (j® diL-aj jll (jjall jluil J-cjj JLaaJl IaA J IjaaS 
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: Importing beneficial species 4*ilill Jljaiu*] 


elj~ui <_iLiSJl j/O Ajja (jjj (ji ^-alUJl (_5 j1jia31 (^Ic. jl^i/dl liA (JIjV 
u S Ji -j£ 11 LiaLil (Jl jV ^Jalbj (_$ jA.1 3aJla Cjl j/LaJ ji (JialJl <Jajl Alm'Jlj 

j * cJ—Laj Lu LS Ii*i ji Jji t_j\j jaj jlauill Ya&, j^SJ Lylj ji jSyoJ 

1 * J.W —JI <. "v .. Vv^ ^ il l (J-_Iu j_pal j. /'Vl j/a \g.jijj (Ji/ixll (Jaj dJ^/ixiui/a 

A_Ja_all (_$ jib?l (J^-Jl ^^jjAkiil-dall 3iiJaail 1 

\ AA1--1 AAo ^»\ a dul£ diVjb^ ^jl ►sUlLs}!! j£-*J ^Jl 


jUa^J_uiVl 1$-1 j— ^nlj bjliaj^j ja (Jiolj (Ja_i tlllSLa Alljjjjj Cj-ljjikJ Laiit 

*j —uj j—«j .Trifolium pratense ^jJl jjjj ^bjl ^ SjjjS oJjj diilj 
B.terrestris, B.ruderatus, ^ —ft,j jVl iJfal—Ji j—a £ljjl cIl^I JiaJl 

^1 jjj— mi £-1 jj—SI ji U£ ^afiil JjSJI olaiL jjSI jjj CjmJ B.subterranseus 
(jA —11 acarine disease jijl^Vl <Jaj* tJjAo j* liji. Luta jisijj Sjai> gdjj* 

J_aJ A_1_ noj ^klavJ (Jj_al_Jl ji 4j1 J (Jaj UUl^ 

^l_5 _il (_pa»J tdll_jk a-k . i l (JSi ^ylc, i_Jiilt ^ijjUfcuy! .lie jiaJ i(JL^ AjI .(J*n*Al 

i-'l l^HDUalj 3*slill £■ l_jjbU 4ialS jjill jljiafyl jljjluil ^ij)a jc. ^laJ! 

4aJiSj i_»jUki 11 ^Ifili IjJjbj «.Lu1 3L)l$Jl dJ jJiaJi liljLa 3_m1jjl 'kfrljj 

.a-ij j'm^ll 11 j* - ifft i ll 


I j 'f- (—ijj T rtll jLwulll 3Ljla]l ^1 jjVl jljJJjJ i'll j^ <u1 J-lJJ — Ijjlij 

_jAAj' >n oiShlb -uV Alkuli (ji (_f jil ^ I jil Cjia-J jl 4 -oIa l^llTtsIa 

J_ a 3-jlj»J <Jj jiiA.1 1 jlj oJJiaJl ^Sjalall ^ l^i A.j.n.j.j.lnll f,li&Vl < -r 1 l^ IAjjLUc 

.o^Jli (JaVl {Jja-Vl clf^Ull ptjjl ^-0 

jj_iS jkSi/\ (jS -iak_jJ V *b1 ‘loA (jlLij 3jjja<auJl dll jiiaJI 3-ajlfl j-» 

A _*jbll 3 jl. a >^bu 3_ -k . il/il l (Jkiudl tJakj L -I ^Lo.-i>yi (Jajll ^l^jl j-0 

iiLJj j—a fja —*j JSj ji sjj^all tj jjj Bombus , Melipona, Trigona 

j: —C- Ajj~oA\ uijjtJl (ji: 1 ' ji ji/u ^jll jjji-bl! iic-) 
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(J . _ a u i.ill's Jl AcLluaj jmu ^ UjiLic jAAjij (jl (j£aj ^-ajL-a ^jC-i jj 

(j rt 4jl\ l-'U* ^l_$jl (j^aaJ JSj (j) .4 jcIj jll Jju-eal_»-a3l ^aSIj jji (J^ajlII 

a! a j_ jj .^r- i ^lt-nVl 1 ^ ■’ ^is A^IIaII l^jlal j'l ■ --'j^ 

J—«J Al junt^) jljS jl iuil jjll qa Aj^a (jlAiall lift jj£lj 

.^l^yiVl ctlJj (jLa <_ili, ^AA. jl (—list jl jA jlAjj o^liui 4j.dc. 4 jjA dlli 


:Using stingless bees as pollinators 


^uiV jjili Jill! <4*...j :LuJLa 


ALia. 4 au.I (Apidae: Meliponini) Stingless bees £«Y jjill Jadl dsL 

A -Mlii (jc. ^liAll <ji IjjL l-VTuaj J (Jajll jjiaJ Vj StingS CLiVl J 

(jLuuyi (-jljosJ Ale. Lj-kiiLlal |jc g-liiH SjAsll g-l jfy\ j\h« a d:Vl».*1 dii 

*—fij—S jj .4- ol^a o_jjp-cu Jjuiill aJ5j dad! jjAoajj 4 Atari ^jaxJ (*ij> l^ia 

lj_£j£s jA jjlsk. (JjIuj LuajI 4 j11 jl^\ Trigonaflaveola £jill 

fire defecator J — ill da. jli. catafogos (Jjjl jJI ^ l$Jc. (^Haj Id LI*1I 

(J flill (J _*<> (JJ ^V' Cll JjiaJl qa (jlutll (.Viji. AaAa ^ladl 3jAall 1 $jaJ ji IaS 


Adljl-yi cjajj 4 jj! jody! (jlaliall ^ meliponines ^dV ja* 11 Jadl Aawjj 

ts i t“Y j I I ^11x11 Alii ju*^\ (iialiall j a \AV .^11*11 J_jai 

jl _all (Jauii lilj^adl ^jali^Sfl Ca*jl3ij .LUjajujI Y « j lid ^3 £Y j 

.(Meliponini) tribe s ISaia. riw.^ jj ^ilji-4 l&ljjl (jjaj (_>-!?. Y l ^ 
j—aJ ^—« Melipona —B • Melipona, Trigona ^ 1 jliSlj 

4—alajl oli ^—Aj neotropics caja^JI djLulji^yi jji 1 aaj=wj j^cHi jj o • 
buzz pollination <_$ jl Ji—^feVl ^—dllll —1& 3 ja —2 CjIaj 1j— aiu j!£1 JL-ail 
^j ■%‘ij c liUl < -r J Jf :k iJ- 4 ^ jjaII ajAjll j-lllll i-Jjia. (jl) 

j> ■ ^jj jdaiyi jji Ic.Ljj! (j^liaVl JJ^ij jail Trigona _H .|<Ljali i_jjS J^)La 

Trigona J' ill bw subgenera tii^j I • ^ \ f. 

.(jjiiusVI £>*2 Jjali (Jadl f Ja aAj setlSU SlriCtO 


-\ .s- 



oj —jl j Cll Jjiak (JSLijj jXiLiJl .LuujIaI! (Jxlll qa 4fi. j) *>.%■« JJ*11 iJ^-^ 

LS _S V—yklij L^ja^aI AjSIjj Ajjljlmyi tliaj j 3jjlj3-iyi tlAjLull jIa jV 4*jLi 

_ 1 A _alft C:LaJiLaS Ifl'jlf^lj aSlj ^jSJj . i—Sj^x-o (Jl jLa ( Jj,n-iLr> - ft] i 

illLa_jl*-a AakJJ V C&J (jjLii ^ * O' 9 L r 1 -^- -^J £jl_J^l 

1 ■ r- I 1 1 A j L- n J |j L»*i j . .IgALoAl jl 3 j" l^jlilfcli AjAi_l] 4j3lS 

j»l_*JI Jl^ia JaLiiill 4-ajl.l (JijJl CjI j-nxAuui . (JiaLJl (Ja-jj (J*n«ll (JaJ tjp- *- A1 1 a a 

.djVli-^1' i_iVl J olla ,j-a L« ajlc-j perennial 

^Sjj (Ja-q Li-all ^jlll t^h ApiS (juia-U £-Aj jjill (Jaull jjAj 3 loIaII ^a-l^-all 

A —Li-11 L_jaSJl (jLaLu LaS .oj^lb 4-a.j.ij Vj^ _jl * -fil-jLj £jjjV __)A*il lI 2 ^ 

0 0 

jji (_ya3j [JLaAyi I La Lajjj • li=k ^UlS g' jjJaj-ail ILa Cj\ j- li . -x llj c jj ‘ *~» l - » 

.l* ilj.^.-vll oi& 4j-aA^ pJC jjll ^jLa_jl*»ll 

2 — jUj f_g —5 OljAaJl j Apis £jIj juill (J=»-ill o jl.ll j 

J_ai ojJij ( _ s lfc LjjjSj 3aJI* 1! 3x.lj jll aLuc. 1 ^jV tillij jj^-a jIa jVl 

Africanization - 11 (J . * . 0 (J_«1 3 --jV. ij •w ji ^p-iLji^JLi < — s^ia-a (J hit 1 1 

JjAaJij J j I <~i l al l (_>aa*J ( _ ff lc- (J*i*ll (Jaj 3Jc.\i (jiiliajlj cAjLilailj (jial jJ )}Ij 

.^JjLuaajSyi la jiLi-hilj AliJ-lojl 

iBiology of the stingless bees ji*H J 3 ^ “' 

ts __2 La£ 31aLS a t * « * Jl o « < ^ui)l _^j*ll Jaall o_ynJ >aa 

•Trigona ^ A •, • • * JJ 1“ * • t> j' Melipona 




J .5Jj Melipona pseudocentris ( Y f 

b>1 4_£-j! <-£j^ <UJ!i 2 jU*j 5.1_.t.a <Liw- Oljltl SjUJ-' ^jJt iJLs 

j* =S*®Js^ J ' J—* 

|ja «Y j a j Jj_]oJ ji »>.">!' ^a-aJl {j-a 4 s1jAa\ 1 OiVUitill 

Ajjjll ji j jtiSj ^-■ M (jiutilij .(Ji..»I' (JaJ jj-a ^Lilj ^laoJ 

. J__M*1! ;J •*■ j (J_ !l 4 j*. Jill j_jjc. (j^axjJlj £^Vj _j*ji (jjJJ 1-iJ j>Sj ^j^-it.iIIj 











vlil-ibkllj 2JU—ill j A -Slall dlSJa jIwjj Olivia] ia-JJJ 


uLul (jliaJ! UJ^y •? 1^6^ Uuj iwiSiijj Ji»-4 ( j_uiV j^iJI Jaill (JuS* 


— a g —aJJ .Vji 2 — aij J—i brood cells 3.u>iaJl t)Ma (>a Wi.b ifij-aa-a (j-a 
J_a .^-U.- ili l UJj^a jl Jju« 1! La iaJ ojajS JS-ill ^.jjJa>j 2 ^cj1j dljUa] 

dlj (^scl—i - Aj-aj involucrum “Ulc. (^Uaj JI&U ^LJosJ! l£>La, ia n y 

.1-ijAJ batumen < j *lj « v i.i il l ^^Laa^allj LjJc jUaJ A^jifuji A-)L^a 3 1 j.Vi ijkjfj La£ 
u —ifj melioponines -1' £lj—il (Jaw .Jiill ijtjij 3iiaaJl l£La i> ^ 

(J * jrj (jiixill fj\ fC. J r JLi) jlawiSn g* jil jl g* jia. UyjlaJ l g .i l . ic-l 

J —g*l j—iVl (j-a JJfl iS^u 'ifj J^il! jl JaIU 

^lj—i^l (ilij Jia silc. jilijj 3jja-all dltl^l jA BJJjS g*!^! JJj iua, (j-ala. 
. j—i-V £j—i Cy* 1 j££ {jlLiftVl (Jili* (..ill^j .*£) ji-yi ijLlull jji (j-iJl <ji 

j_a.^1 ( j>i *gll ^ (Jadaj Ixuuj ^Uj Cilj j;}*]l U"~ w ! Ja.la 

j—a jUa ojloJ (jixll Ja.i* TtigOna g'ljjl ijaxA ^iaiuj . JJLill (jjlS j\ 

.V .-*15 .J. oill g-lj—ii J—ua 0 ji^a oJjUaj 33j\fi oJ-aS Jaju j^i-aSU! 

*L__Jc J — Hy jl — £-a--i Q 4 jji* jjlll yj .kjla. qa ojl* (jSli&V' 

^_a oji —jSJi olOtea^U 3JiLai o—YY'j JlSJiVl £uJbj3j .cerumen ^^La*aallj 

^—luV Jail! jiliaV' <ill2 jSjS ^iulj .(jSLScVl S-y^!JJ 

.^Jjldall OlaHajMaJI ja i^S- Qiaj*’ui\ U&J 
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y _j y i|ji]l Jr* AjLa Ljllila ^jk 3 jlAa. ^jJ*J AjIjjI jj A-aiS :Batumen # 

La £jLAl\ o*) £-ljj (3^i (Jj*l L)^ 3 ^ Ajjlli AaLo O* (jjSjii UL^ 3 

%_j__jjaoll ,j—- oi j -=1 (jlij batumen plates AjjIas. o* UjQ 

A—LL if—Aj lining batumen Aj jIa?. Ajlka ^3 (ji*ll £-lji ,j« 

£■' JS jAa. J^ic. (_^A ji jll^Jj^lil jj<4 AjuJ j 

(^Uaj Ja1>?j.>?j j-aiA q* UJ^Aj jjlll (jji laila. ja _j «, Ijj SaLo :Cerumen * 

, ^_yJk sale qj£ L) ^ljAsII 3 jiC.lj (jj^i ^jUall Jall^llj />. v-i'L 4 jlc. 

a Jj (3—a (_)_}—£jj A_acU u-4j AUaaJl Aajjj] jjiC jl L£Xi. '.Cells ♦ 

•■^'j JJ*^a (jJJJ (j^ cs^J 

ijjlj—Jill ji A—LJaaJl UXLa. Afij-iaMd '.Cluster (of cells or cocoons) ♦ 

.(Y o (J£JiJ jUal OJ 53 ^ C5^ A-alaiXa Jli ASi^iai AlaJJ^o 

jlA__aJ1 Jja. jaaII AasIa]! A5jJl J^JJ Aau (J jjLj (jjjja, (_U&j£ ’.Cocoon ♦' 

A_11 j] ^^Ic. (JsaII OVliii (Ja*aj .ASjjll l^lalA (jiuu ^glll Ajlail (jlil-ill 

{iLjul 3 Aiij^ill A£jb A jla Jl <1 C’t.’lj Ji (_Jjll ^-^Ldj^all (JLotAu.1 oAlcJj 

.(_$ jlAallj j1a*1I JjS La OljSa 

Igis- tiuAai! ^LJI (3il j*iil J\ U^LUl AilL '.Comb (of cells or cocoons) * ■ 

0 

. jUayb l^ jl c. l^AUjj ^ l*-a Aii^au>li»j Ai-al jla jj£j A3 

Jj—a.Aj A—uaU (ji—*11 Aj^jlaJl AaJlil! ^j . JiA-all '.Entrance ♦ 

■<-Ml 

lq->■*-» ^cU cerumen qa l_£Xc. jAj AjL&a, ^> 01^3 ’.Involucrum ♦* 

ij_& ^ laminate involucrum ^13^11 ej'IXill Ai.^ll ayy^j. 

.tlljAAll (Ji. 'll «^JV-.'■ ,J b ill Cllclji OlA Cjliila 

1 laJ 3 (Jiall (jj (Jabll 1 4* a> - J yJti 3 CjVaJulj jjA JjIjjjjJI '.Propolis * 

. (jliaJl jAlk Aj^Li AjjLljy 1 jC^Ml (ji*Jl (jl) 




Ua J Uiijf Trigonaflavicomis £->*i (Y o J^i>) 

ji jjfr iils£ J— Jill jjjii laC-ji M.pseudocentris ^ Ja£ 


QA (JajH Iaa»j •Lc.j'l ^ '.Storage pots ♦ 

Iqjla (jliua jj jikjl ji honey pots ji lg jlc. 

•pollen pots 

(_Jj_2fci jIj o £ o Ja—iiJj J—sail l ft jjij frl> >in S.iLa ifVaX * 

(Jaati 
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AA e oLa. oj jA <jajA A s j Aj JI . jLajL (Ja-ill IaA oUa. a jjA <—i ijxj J 

* » 

_ *11 Jij—la el—.pvll 2juIa 4jl jahj^la __ Laj-aE. .^uiV _^j*ll <Jajll (j-a lAa* (JaIs 

tiilal_kiS f_ya —*j ^ jikli LjaIc. ejj^ll lip 4jl jjl jjjj perenial 

!a _p £_sljjill iillj Aa.i jLaj LiAuEj ^aXa (jE dia.ill (J-&J 

<_gi A_j3.j-all (jLill £-l_^3 tj^- Aa._p A3 ^DLaj*<=JL (jjLi 2ji iui ^ di^fl * .a l l 

jj* *11 ^gll <illj (—lAAj jjj . [_>a*ll JaA^ A»"| (_pajVl j_y3 e J 7» Mil l £■ Aa 

Q—& J — AAE L-*-aj AuAall lA* 11 ^11 £a.jjj ^gljS/l e-liall ejLa <La (Jiijj j»Vl 
LaAiEj 4^jVlj oA^eVI j*AiJ Lai (jLtll j-1^3 (JalA 4aLaall ^j-oiaS AJjSjj LliVL T -> jl l 
^—ill £-3-auall [j* ^iil dlL-ail brood Cells % UJr’k ll LjXi iSaC- ^ ^Ap 

2 ijiill C IS1M t—)_yia. (J^L-J ojLall oA& lliyl*.nil (J^uajj ^iAill (_j-a l fl . i\> J 

(J "'f*- l1iVI-*->^ 11 ^1L 1 .rail (Jajj Lai 4-iiliJl JakjVl jjl °j■ ' ^-Ic . 2JLjla CjI^juP (y& 

ojj -i-a ^ l^OL-ajja. ^gi AaAeSH eAA JiJJj .j»Vl 2aEj 1 (j- 0 ^ISllI C-)jAis.j 

0 ji$-=>JJ A—JAa. t ji. 1,1/1 A*j Ia^j (j&J (jlaell 4jEji (_gA 4jt-a.JJ ^_)1 (JjLa 

A _ j^3 A _Lil j J- AALSoj Ia^jj SAjAsJI AiLoll jjjAil aI a*1.u I elAillj j_jjLjS?L 

•mother and daughter nests ^iayi <J ^j j»Vl (j2& (ja 


3ja mljfrj ^>Vl (jli— C. ^ -a^k <^illjV ojj»_..<all 2jL.ll (jjij 03_jl\ IaA ^ 

CS^Y *—^11 j^a—^-Lu ^glll Plebeia emerina ^ILa. ^ Lai CjVLlUI 

Jjiij^j*ll- j £00 - uU Vj Cj'ifli - lill JaSa ^ - a .ii T l ^gil jjLtll ^j- 0 ^“Lajj 

O* _*11 el_ij (Jl-«2il A*JJ .ejjtj^all (jtlililall (Jjijj " A iLl l" SAjAaII 

lal_lii AILjj JL1 (PjvIaI aIj (jiall (Jj,!A ^LoA] uAaj AjAeJI 

2_iLai! ->' inl ^J_^ill 4_rJii CjVljLill .^11*11 (JiA-a Aic. CjVLLjII 

i'iI oj.^jll (j—a A A—& A—jA 7 .ll (ji *11 ^11 jljjLU ^ 4iUI (. _ia.L -^jj eAjAaJI 

£_o Jjaj 4 I 1 I 3 fU oA*l AjAladl I g .- E Ailoll jl A*Jj jjiillj 

, A_io .4ipA £,0 g-l_jjyi (jAaiu ^gi (jjiluu A3 t-jlij 2ia.j ^ j_jiill (yn AAC. 

^g_ 3 ^— ip ( _ 5 -111 3^^ aIIu 2ll QA L 1'.4 a L ajLn ^ tllVli-ull Iajj 2ilall oA^E 
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a_ jAsJI (jljijl jlA drones jjSall (jljjla .s^j^l! Jl 1 c L*Aa. 1a 

•AjlAlaii 3jjjiSl in-yil ^ ^ j'jjll 

(Jiiisil (Jaj £jojV _jui-l! (Jaull <—ifiLiii.'y 1 o^*-! jAa.^5Lj_y 

la_Ma ajlac.1 .la_J V) A’—Ji L^, ~c, ^JJ (_tGjj V K-J'i ^-"tli JaJjt A iLa ^ LjAc j£ii 
ojj_li aL£ jjaI! lM' ^ (jjajJl) >V! AiUI o' Lai Ji J> 

^— ill (jA flo^l' AiL ail (^lilljj pi qj Irall 1^'^/Lj Vj AjILj AjJ-^ 1 j ^f.ii.V/i pVij di! j 

.(0^*11 jalAj 

: Jj^iU aII ^Oill ^ Ku?i jJJl Jaill Jjiaj til jA5 — t 
Strengths and limitations of stingless bees for crop pollination 

(ja jjjS jIa jV' ^jSIj ^^ic. Ljjjaa jJtil J^il' oLLua qa jalli 4 j»£j 

^ ■ b Jaill laA ajaa jjjj jjjll Q^ul ■ ^AJI Qj-i> i ^gl) LojSj jJusJi .iJjvj dLL»a 

tgj51jli 

Lai i ^ C AjjLij 1 jji ^ojllj qa Aji-ci t- bj jjl (jlc a j.ll Clli l?" - ‘" ~ 1 

.Ailaiall (_gi a.\p>" “LuLiiil £-»> 

1—a bjL_c LjiLvj (j* AlU-iJli flora] constancy lSjA jil elijlb * »■ -•*» —Y 

•■^'j jjJj 

Ll)La ^ iIiIjaxjjuiaII (Waj jiLua domestication JjIs J^l — Y" 

jl AjI j LgjljC-1 A-S-aLLa^ LjjliLa J bjljij j b *1 °i j 

• l^Jt-a (OjAVI ao'^V' CjlpljaJ 

tiiVlv... ini! laAj perenial colonies AikJI Jl^b 4-olta Ci'q^tJL . ia]1 —% 

climatic A—jAI ull aj_jail J—Ala jlj-a'i -mb JSall ^ JahAJ ^jjAlb 

O_jjSjJ J _ajil la _ a i_j— taj j»l>tll Jjla bj ^tIu i a II jjuj constraints 

. (JmjJl (Jaj j^-1 Lai (Ji tlj'o^mj^u-a 





odl_ 5 ligij d-a V'St djlic ‘UliLici (jj Jadl! ~° 

■1-1, -S.jJ I tlddl o jd de <L^ia diljoj •Ldls^oll dll }*xioidi! ^r^adi “ddalj 

_ ’I o j _ jil > . t i. - i ’ ' \a £vL 1! Ljj' icj d^Jli-dll 0- ■ l!^ 1 ^5^ 

_II ^-3- i sL-jjl lii jl Jdduul cliij' tj-A d j^Ji 1 —jjLs. 

■ AL-olLil' jls jVI oju_j a. ‘nV>J 

il l <ia.L^ ij* (Jld A j\ j>. l l (JiJj ^jl£-al <jl5La ^ j-UllI i_:^ao (jii *Lul£-aJ ~*^ 
self-incompatible '—pli A d il yu jxt. 4dLi £-ijjl ^ 
jj— ijl J—dill tiili •_$ jLdj Iajjj J-udl Jaj ^ dlli Aa.j .species 

•t-V 

dlVl*->5 e.lcddl (_jl ^ -l to -11 -da. CjVIa* 5 dVdi o^AliaJ (JdJI j j a~j ~V 
;J ii (j—c- a.^Vo.all j!l jdi«-i.iil ^_11 L-^lajli ^jj«J 1 ^a e-v* 

£)--n A^ajJa jlac-V ^aii ^amj La^i jjL-siaII (ill: (jC- diLajlt-o 

J—£ t g . „ ..^a ^jII d=»-i31 t>> <_ S jii foragers cliill 

. f. \ ^iill v sin .VoJ ^jl A jlo 

I*LuVl dll jj . „a . <ii lj ^uijjill (Jajll i. i.-Vij (Jma 11 (Jaoj ^gl&j 

J*L_dll ** '("' *daJttl. n all djUl JjaJI j ^jloiU^U 1 J^jub _ 1 AJ ,\CL (J-fcjJI — ^ 

• <ia i_j1jjSV! j\ Ajutt 

•glass houses “da.la.jll djjAil! S^USj (jaai! Aallc. 3jd jj —Y 
j\ _Js! -d .ij j djiull—: (J-ajjl dll j^xAmul ail: j] 4».<-ilf> Alij^a jj — V 

oA J i ^lil ^l_jiVl ^j l j.>- < 3 J SjU^VJ ^ jull A (l J. ^3 <jl ^yjZiyuA 

. Ajlull 4 -a]=jVl-l (jlodVl jl^jdaJ (Jxlj o_yiijlc- (jdliijt j AX ,a 

^Iji—Jall ^jItTum j V j jj k »l l <Siall tillij dlljAaj^uill (j^ 

. ' >. as ^^jll dAjLAlallj L^ialj^bU diljl LaS flightless 
(JdJl ^-i jijj tjl ^islll! jdi c _Jl31 (_UJ* JaJ A-uji ^jla lij . Jo-aiJI Jai 
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y_2 £-ujV Jj-itll Jnill k_l .lift (^J-Sajjal) ^Usilt ^ £joiV J£*J1 

La <Jjj>^>L»_/J 1 £tjSli 

(jj-i (J' j'-« ^'^V' (_uUjUju) t _ r '>.^ 


,L£L=J1 (ja SjjjS jIjie.! jjS^j ^ jajS (j-alj — X 

.(JjwiutSl (Jaj £-« AjjuLa (jjaiila tjjalaall j«aj ClV-^u ~V" 
. tuC.V 4j^ali» c^jLlUajjal 4-a^jjj ^j.il ■*■' ■ (j^sau — £ 

(_[>—& Lj _sail J_it {ji jjVl_J J -a>ai iVl (j^aaJ —0 

.(^jjljll) AjjLuII 


. (__ua*-i]l l^.ilni Q^a 4 jjj3 1»»■ ^j Ait ^a.1 »*Tij iixJaj ^una 1 —*1 


:^&HIU ju*ui jJlII Jajll — T* 

Aspects of biology of stingless bees relevant to pollination 

j_iai 4 j 7» j ^ (ilia |»ij jj£ij £“>V JJ*ll (Jajll 'LtSkl j-u .iSl 

JJJ— 2 ^ . jlA J5U 4-alt iil jij £-mV jjiil AjjSaJl . Jj>ol.%.<i31 ^jSij 

JJ_)—J (JLLall {Jjiol .AjjLlill (j-4 jjtwllj LS^A LilMja 

# 

Melipona J—ajll jjjij YA ^ LpLi It jj o 4 Hypotrigona pothieri 
<_s —a £■ y VA jl j Melipona favose f_ jill j 4jjlt r A ^ £-_jj 1 VT marginata 
jjl—£j ,13 (jLaujli <Ja-iil UjjJu ^glili 3-uLiil 4-itj .Alilt VI 

^L_aJl l..,—,.ft jljiAl ^ISIl! '-Jjfa. ^ . ^>1 CjI^uuJI ajjjj ii*Jl jji 

■ AanlA. aliLiLii] ^L*ja9j j<j Wi <-1 ujjJ ^^lll £»l^j^l J V] jlfc j^Li 

2 jMaiU j^L-cuJi (Jn ;-m,y ijjjiaii ^-.iiij jjahn ojjsji ^-luV j^aIi 

y_S £-uiV Jjiil (J~v ill (jiai (jljjill JiliJ j^lt .Alialol! (jt Ajjjill Cjljlajll ^ LtAldl 

.ajjjj—^J1 Eucalyptus spp. 11 cjlilu 4iliiSjj ji.An,ii jl ojitJl ^ILJl CjLII jiaj 
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jj— jdl -JpaJI I gI i- hlj ^lll jlftjS i\j) dAjlfil! Jk&j Leui Aolc i 'll nianJ 4jj^i 

L-ful-li d:lj jk j^l j <iiisll jla jVlj 0_jjij_cail jk jVl (Jda3j 4jl £jj3 U^J 

4 =. jAj 4j -ijjil ALljJall £ujj]1 CjIa jIa jVl j ill 4-uAl'l (jji 

. 11 j i.' . ,g] i j\ eldadl jIa jSf ! j jLf-AS'l J J~* 'ft l^jS 1 _ s ^ 4fil£ 


a—=■' j J&i* £ jj AiLidll jjjp 4ai jjiil :lloral constancy 

(J-SI jxJI £-“iV Jfidl (J 3 ^! gdjji C y° Jf^ jjfJ oA^.ljil 4k^11 

£—uuj a, X -s il ^-llill <~_ijfa. dAa-ak (j -4 %“W Ojl j (Jjjl^ill ^ .polyphagous 
dllj £tjda j U-Ua. 4kj (JS ,i=Jj LSj&j J--^* kl3 (J- 3 ^ (j A 

^—a Iaaj .diVIkJl carbiculae <J!Xui ^ AJuil ^Lolll <_i^f=» Jki.lj 

t_Jj—fa. 1_U^J jt jlAjS/l ^2L Ajlcliu 3 -i/ijj (JjAjll plijli (jl jdc lj] 

^_kfdl <Ajj— ijj 3-a.ll*]l ^Uiil wjjxa. 4fa£ ^ J1L jjS! jl jtc-jj (j* £-UUI 

dALaL_jdl diVkiill J~i3j !_Sjii jll pli_jll ^1 <j| i^aVlj .4ilak ^-lal StlglTlcLS 

t 3 f=»j £Aa. U resource constancy j.wkl plidi Sole foragers Jkll ^ 
. 4 » j l tt - d l dAkjll [jij sAr.J Siulj]| 4kjll ^ Ajjuu^a jl ji ^13 ji 


jjl d)\jlfill (j-a ^n £l ^-ujV (J=Aill ~l a4*i ■ ..I dl^fa^ujJ ^ij 

lIj—jjpJ .^jxjjUI ejllull noncrop species 5_aL& iiiKaU 

community and ia.1^31 ^-l^jVl jiLic CjUj1l>iai ^^lc. diLdj^ll 4kol 

jj— a ^3-Ac- ^ 4iu.l jjs ^ ^Uj 11 q±i individual species 

j'j j— jaaJI ^1UJI oLjIjIauI .^V jfJi JajJL Ci=il ^1 jj^ As-mu Sarawak 

t i 

V-j jkjj f—^ ^ j — 3 ^ ^ A (jjj ^ ^ . A j ^Ui jj o Y Melipona o*icJ' 
i ~i*il i*i_ - tul (jj ; ^l A3 C-Ailfi]1 ai& La .^wiV 4 

_ A-=aljl' (_5 j1uia .^uiV Jfill (J^jll pigxjilij CjLaAA (j-« ejAjLfo 

4 4 Ia-a.^1 ^iU ^ajLauI ^lc Lilli i^Xl Cj l^aLq ^ ^ ill 

Xerospermum —1 a jj_^JI u^ U i U lj 3 j3j jSSVl ^ Trigona spp pl jj' OjlS3 
Cil-f-ijI jk-AI j .IjjJLa ^ 4 j , »j -A . H ojkaAl oblill AxaUil intermedium 



LAsj) Cupania guatemalensis Costa Rica J \i» - >d 3 j \ » jL^Jl 

CjI— ili oj—Cil—salUS Trigana -S' J—^ LaS . Trigona spp. —" 

j-- JIjaJ £jj ^ uH 0*3 •Spathiphyt.htm fncdnchsthalii 

^_3 j-% ‘It £■ I _til ^uaj j-iiil lJcvjJ'j C-La H J A&u 4_jjl j^Jt 

J_j_jj Jj la. JL. _y*F~ A _-.I-a.iV 1J A./. 3.J i Wi l _ aI'i ,_j-o D'lS 

. jU jbu jl_jaAa! jjjAj (jjA Ajj!a*JI jAL^nall 

Jl ii i c-Vl qa ^j£Lol £_a t _jA*ji £-1 ^jl JiS (j' <gy& J-_jILj 

jj' J—a.j til .^ujV jjsJI Ja-iS Sj3j Js jjjjj 4jt-i Jill Ciljtjjfl (jl V) A-AAljj^al! 

(_ 5 j —cj L— uj* macadamia tliULu (j^Lo J Trigona carbonaria £jjl\ ajij 

-II J—=Ji j— a.jj ISj jlloijS Jj -eucalyptus —S' tj* otaUij JiLauil 21aU.I 

_a (J_a-ill _jj_lajj ,UL:1_;lill j-a 4jj_j5 _jv>l]', dilj I AC La (J jj t II ,J TrigOUCl 

Jj j!^L-!l (J a jirjiLill tiiULtll qjo i_jja 1L AjAill _jl& jAJ a^LM) o Jl J1 dsl 
Jjliic fjii ^1 Jjiy! J] (j;jl Laa (jLuijyi Lja 3 <Ji,Aj Jjl AaIaaII JL-vall J L-'jgjj 

. A jaj Jail Ajlill jjc A/Arrli j— ill 


0 JJ—jic |-L- ^ TkA 1_ jJtaI {Ja~-. all ^j-aj JajH <JUui ^yvj (jl jj.Lil l (_$A-a A .wTij 

A —_jA t ^al l <_iA-a. ojS J& AjJiaJl _jil <iv.Luaa A-alr^ LaS . 0 jjaxiuLail 

(j! A J j] .4_a-tLall ALaJI jaI La-tall j CjIaL^j Jut-II Qa AiLumJlj 

A—jlill J Melipona panamica j Ccphalorigona capita fa ^jl jjU lS- 1 ^ 
ivfdipona d.VU—i j' a— a.jj .c_uj j5—11 w —lc ^ Y,1 j 'i ,o 2 _^,i 
(_ 3 —J^la (j—Cj .^a-S Y AiLuM jj-a d llllra l LaAic l^jiLicI Jl fuliginOSa 

x ->J ^C jAu^xall aL«jJj j_jCLwa (_j.vi._j jA- ^i^il OVLtaiil i_yjAj 

Trigona jTrigona ruficrus j Plcbeia mosquito —1 J jJa (jxt (ji 


(ji a _a.j AjUi-a t*lai£j Jj .ujjjjjII Jc j A i • joS. amalthea 

^jlA* -II \ Y • qa jjlS £-ui V jAail 

-Jjll A lii-^a JaJJ_)-a (illA 
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'J- j' (j'.JJ Ml 4 H AILu ^JI O3A2 4 j jj'AiO-L 

j] a— a.jj -fi 'T t j Ai q —aj La Jj Trigona minangkabau ^3^ (ij±* 

ol_jUiil j* Plcbeia remotci O' oLjjOa ^i*2-a 

Trigona t rythrogastcr — !' J a*. a« .olj-a-O-aj' ^ • _jAa ^-i 2x. 33U' 

2 _Ail' j& ^£1 , ' A*JJ ^^jJS Olc.333.1il L J* L ' 'Jj" ja £»LiIl' LJjAX 1 "'^ '1 > 

(jiil—uu u —i Trigana sp. jjLLe. 'as. ,_^jlc ^liijJ Ja-u LS .l^i 

iiUj ola (j£Jj oLlill qa ^>Y ♦ • o . ^ AiL^a a*jj ^aII .aOLIj JLu 5 

.2jlx3l qa ji£ i jjSl Y. o iu iic. 

O'jjy»"i oiitfl j'A*jj £ja 11 (_Jc 3i*J' (J^^i! Ci'joOiui Aha*jj 


'•,••* j=0 OjAa Tcarbonaria ajaPi oVloia .AaJ'asJI jjLoaH SjSjj 

Trigona itami O' 3<• ■.• >" — mo j . —J' w a (j'jj ^ 4 L^j Y •, • • » j *»' oa! 

Y 1 • • • j Y • • • j 0 * > ♦ j—O a' j—2' 33O £ _ s ll' T.minangkabau^ T.moorei j 

jj _ji' 9jaT* »>i<il'j .J'jjJi ^jjl' ,^2 4 i=kj ^ Y * • jY £ • * 3V • • • jajj OlJJ 

4.. Kj V • • jaj Oa! JaSi <]LJj V o • (33=^ Jjninangkabau g^jill ULax OwaS! 

-3' 3J-’~ 1 ' AaLAij 4 aLxl' a'Axj 3A1 4 jj 3 4 '3 3^ 4 Slc 4 -^ i>i j.a ^ijaI' 

(J>l» 9" j'J—si (j —I s (-<!3—Jull ^—2 3I—xli (JaAa Aic 03 XxLjia1' ^'3=^ S3AA 


_L> £-3-O <^a!' 03-axLrtAlli aja wlmrti ' yiau JaAjj^a A3ia3 neStmateS 

oja_J O'a T minangkabau J_j-a Jx^a'_a_al' ^Sil O^/UOll (y> a j}& a'A c”' 

Mclinopa nifiventris, MeHnopa oVU—j' a _a.33 .til_ !a <i'aV 933—i=l» 

3-; - ail 3 joIj]' a' 33^1 (3* % ' £ cl ♦ iY£ quadrifasciata, M.scutellaris 

.(3*ul 1' 3-iil jit ^3^1' 

(J ~t ill O' jjJUluA t^4 a3AL /'ll ^aSIj (jic )V 3^x11 ®3^ a'aJj 

—axj V 'ajj ^ILicV' ®aa 2aIj j artificail hives 4jcliua (jiLici ^ 

2 i.LJ' O aa I—Jii 2jjl£^a]j 2 wj <L'I jiLOtll ^ic aLuc^U 33c 


3 3^x 1' ^^3^1 3 •'"* j 


<*3 •■/ 
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--le. jt\ dSLa .J 5 1 a j ;J—»«jl ^ 1' 

bde 4 —ilsJ ^1 it 3 A__i.jj AlJux .)i j .<jf riail -1^-a “U^LtAll j ojjjiall 

.£~7 >*j' Ja-'Jl keeping 


Crop pollination gJt'A -i 

iaj_»l* _Jt.il ^gjL- — lj £^_jj ^ ' * ' jj> jiSl Aul^^y! ^iiaLLill 

4 aU dwali-o LjjjSj CjljLiiil oia .^JjjVlj klljl^llj 

piL. -3.il C '1 j‘)'7*>_ »hJ (Jj-a (JjoiE- (Jjt.'l U.» jlkn IgJ JJ V tiUi* ^3 ! ^..'. 1 —— 1 : ^ 1 

(Jauti 3 CjljLiill ol& .UiljLij] j liLiLAJl neotropics -ijeail 

V aiiij *tJ-i mi Jj gr.jtfail jbsj-a ^jj ^ 0 * 3 

—S (J*a—Sj lillj ( (LJkjJj .£*lla jj£ (jC- CjLojLuoll ,jj (Jijj 

( j__2 AilaJli Aj^alil OLajla^Ji ^ iJjl (j-aiij 4 jli (J^u\ JZ- OLojlxAil 

jit. jaJUJl k tl u fi 1 ; -»lrnf.n Jlloll Jii-uj ^jlc. .Clljlilli (_u=*j 

JLJtaJl {JaU 4 ^-ic* Alois Jit- (Jajll (_ylc. ^1jjoaJI ji^-t (jC. kllLo jIxaIIj 

(_£—2 li uS jl&jSl) ^xjLI <1)1^>S) j $1 jsai ^ jpS> ^ 7 Ji«JI JajJl 

.IgJ lJXoII j^ill k-llajjH Ailala 

£—uiV JJ-«JI V) liiJjJ (jjJl J- J -^C - wul (jajc- (jlc. jjll c.b. ^jV'j 

(_s—s e—ea Ja 3 s ^yaje. jea (Jjlplm j Aifa^ <> oL^joj 

( Jl — a-oli 2 ;- uUJ ea Uc . k _ l )_ jC . d 21 -* tylfi ’ «• slHy ji J -. 


.U Id ^ 

:^uti jjifl Jxi21 t^ a i ljj U j^Jj Jjwsbwo —i 

Crops visited and pollinated by stinglec bees 

AJlxi AoAImu* V (Jauil jjl Cjjj { J-J 1 ^ ^ o ^d 4 ' ^ 

^Coconut >1^ Jjsa -> 

(s lc. Jji-aaJl ?.Ia (Arecaceae) Cocos micifera ■%!' J? jjlall 


.11 
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AijJl jj> jU jl Apis spp <.K^ j.jp- u-» 'C c '~. 

M e lipona spp. j^Jl • j. 5 -' Jaujjj (jdallj 1 j jjH-oj j 

£—aij ULuJ Trinidad ^Uja-i j ^ sajL* diljjl j gdjjlj 

3 \- - \ jj LAs--! £-aiO Lii _Vli-il (j^'.ll (Jv3 i jjl <*_! jl AJrujI jj 

CJvij'A j l_jlAJSj JaJI j JlAj-ljl 1 jii riiaji OUiJ ^ic. J.ri_uJ .—3_I* j^J 

J^'d l j (jmxll (Jaj djlaiLi Jjltj V Ifl Alj (juSLiij 

. (J_jj-siavJ! liA itti j^S £jj)V ^yill 

: Mango -Y 

^l-JUl (Anacardiaceae) Mangi/era indica j »' il - >iU ajjl jJl <Jj1 jJlJI jjJ5 

^ r_Jhl l tjjJ— ajj 3.1 JT a Clljj^A. i—iAa. 4j»oj_£iikiA JJ& jlA . jLajil *Uc._jjj 
av 11 j (Jj jl^j—3! ^—9 JaaiI J-.vuj j 3 jil jll Cj\ j£*1\ a 

Oa—=>.j Chipas . jaiLJI jU jl jjjj Olj*iadl jjSI Ull jlkjj 

•Trigona angustula J—Ail! jiLic.! ^lil jjU_a j=JLd! ^-ISl <_jjaa. 
a»L dcdt oi& £Ajjj .LdljfLJ jiA-il /.ll AjIcU CjIaaLJI jjSI £-'V 
4 -. .11a 411 4_uu»!)U3!j IfrvilI. a'% 1 j^ic. j.jjll ^lilll 4—J_jAA 2 . iJI ^xa£di 

j-—o Trigona —11 j ~~»i CiV4i*l i**j lillj ^11 AiLJa^lj jll (Jajll 

V —UaJI £-Jilill ^ 3$.li£ jjSI jjS2 Lajj III J] o^aJs q* 

k_jl—jail (JSJyj .l ft -j \ & iia^j aa (j£lj _jajLall jIa jl 3a*lj J-—4 1 uu 

j j£j Ltijj (jinliAll ,\a J$&, j--.'4v.ll jIa jV a_p\j]i Oljjblail Jrd^ 

. ^ajLiil J a.ula '1 jjSI j jjii! J^a'iI jjlj 1 jj CililLj 

:^uV j^iSl JajJb jl ULaI IAjj jj Jj.^1 -v a — l,j 

Crops visited and occasionally or partially pollinated by stingless bees 

:Onion - \ 

ol J —jjl! j—«(Alliaceae) Allium cepa AjjaJI Jjv-A-v J l ajiluu 

y, sl ya L-iljil! j jl& jVlj l£ ji.1 till tJaiJl Jaljjjl tjLuil Jjll .Ajjji^Jl 
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(J—mi* 11 J_aJ jl ajg—II (j—S jjll j Cllull Jjjj j^jll A »jl .Mi lit j.o-all 

<J—iji . 4 ao 4>I jisi (Jlij Trigona iridipennis j^Jl (.Kill j 

TJndipemis jo CjI jo*j—4 jjjj=j jo ^ ^ Maharastra <jVj 

cl> >»i 1 —<uoj (Juajl! Ciljbjll ^uiV jjill j Apis spp. J 

—2 ^—a ilil jbjlt .CjijUjB (jiU f&jLA A.cerana, A.Jlorea 

- 1 a— ijlL 4 —LliIl ji jlft jVt iJuxSa \jjj3j Apis spp. ^Ijj{ jjjjj . jl$j!t 

V* j j~v j (_5—j^jil t>o JaLijj (^-uV jj* 11 Jajlt) jiiS?l -Tiridipemis 

(J =>j (j£oijj . c l£lt 4illioioj ViM jj^jll laltiiij ApiS Spp. ^Q'NJ loj-U ^tllll 

. j^jl jjII ^ jl& jS/i jjjj jit CjI jjo^JI ^li» /1 jjill (Jj^illj (JjjuJI 

: Strawberry Aljljifl -Y 

Fragarfa chiloensis x 3—Ijl jiil £_jj— ill <J^1 ^jSIj jLilJl 

ol jjwj— wui j—a —S jt j— a.jj jll OjjJI ^ ananassa (Rosaceae) 

.Cil—iill jIa jl opliSj ^SL {Jaij 0 jiaojij jo ojjja>joll T.mirtangkabaii 

-1 V, 1 j J—loxlt jajj V,r j=vjj jllib 1 • (JS1 Uijlj jll jIa jVl A 1 & jJ 2 j 

Sjl—jj 1 1 SjA j (JS1 pjL SajaJ 3 j11c. jLu jlijy 4ji a>jj .T.minangkabau 

c j ~^ la A iry oi l ^ijill <-. <■ "t j .^joV jj* 11 jo ojloj V ♦ jl juudl cJ=^j jo 

3 joli Cjjjj . (JjaUtll (j=yjj <jjlio ^ioV Jjill (J^ -ill Cjj/lioo joC jll l*iii1 I 

jl— jIjII ^—11 Nannotrigona testaceicomis ^ jljjll jjill J^-ill Jl^ii 

jj— nil ( J ry il L Ifi *>^"1*1 jioj ^Ijl Jill j! JJ .^oa.ta>jll OjjjII ^St 3J jl jilt ^jStl 

• ‘^jljjj ji .1 (jaj 0 jSij jo. ^oU 4lajjtoil jiaUoSl e layi plano jli ^ 

ttSji^l Myrtaceous —H Jjo<aLwaDj — Guava <alj>H ~T 

A—_alJjdl ^-1-al <_4J-li. -Q^J jj ill (J__aill j! 1 a ->- jl 


jjaIj—SI j 1 Sjj\1u.j£j .Vlojll j?- (^3 (Myrtaceae) Psidium gitajava 

CiVli kS 1 kosjl ^ aau LaS £ouV jjc jjij jj V L> "**■ jlSjijojjll j 
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£-111 Lassioglossum, Bombus, Xylocopa (jAi^-Vl j* A.inelhfera 
| 0 
3 *j_)l jjA3 £-1 a11I if" ^-“■“1 - P J -Ail jsdl jIa jl 

-jl^^ll ^IS] t. i kIxx. Trinidad ^ £->V jj*J' J^l' i> 


*tia_kJ^J 


4 Alj-vil ^IAj t. Trinidad ^ £b¥ jj*J1 

JJX jjjl^jll ^ A:*J J .bljAk.1 Ifl * / '>J jl£ j >..»11 ji j jl Aikjj ^l^jl ‘txJjSfl 
• £~jV j^ill j-o jji& 4*Jjij (J»4*ll (jaJ b^J-i. (_y2 ^il^aJl ^111 

••Sunflower u-**ili jbfr -i 

t_jjill— j Jjj'jJ' ls* (Asteraceae) Helianthus amuus cj^uill aL & jjji 
T.spinipes, F.schrottkyi, ^Ij—&U £j1—ill £— J)l jj— ill J__a_ill Jjbjlui j4 
£—Ai^—11 —J 1—iJajl (j-uiiill Abe. .Geotrigona sp., T.hyalinata.. 

O^t —JJI Abe. CiUljj £-L-b^j £illaS T. iridipennis ^xa&l Tiridipennis, Apis spp. 

■lei Qjsk —iSVl oA—ft ^1—111 (jl Sj .(J—aill Ij ft (_Jj lu (_ya\ 23l ^ 3 


4 >>i jtaU (jjl—jlaill (Jj-a bkllij ^jAcl (j£j j£lj (Jaj jjA Aii-oLall diULull qa 

.^jiLall gjt l rJi 

: Citrus ~° 

Trinidad ^—i (Rutaceae) Citrus spp. £—Hj-all £-Ul ^ 3 ^ £^kj jl jajj 

N.mellaria 2-b- mI^j £-<^i j£lj . J^uJl <J^jj Melipona ^^nl^ll £-1 jjl <1=^1 3 J 

j -vi (j—s ^lljJl C H1 a^.j Jjjl^JI jjjIa^ a^. 1 ^ij •, T.nigra 

JJ _ill (Jejll jl j»bj^j ^3 .£_ujV jAill (Jaoll Cy* JaI 1 • —Y J {J—1*11 

Jji—i —llj-dl £-'—al i_jj—ia, £ . . a->i Scaura laiitarsus, T.clavipes £— 

.jlft jbU l$Jjbj 


:Egg plant jlajlbll -1 


Solanum melongena jl '. •> i aUII jlft jV Trigonafulviventris ajb j J^j 
ji j_oi-tAll jac jd <j]i IaI .^jamVi j$j ^jjll lift tilli £-aj .(Solanaceae) 

.obbill (Alii Trigona spp. —11 
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-Seusame ~ v 

u —3 (Pedaliaceae) Sesamum indicum jIa j\ j* 

T.lurida, Trigona mazucatoi, Meliponajutva, <Jj-» <*-^V jj*B ^ Lctjji 

.r capitata. T u iUianan 

gSAS jSlj jiifl J»jS Ujjjj 
Crops visited by stingjess bees but pollinated by other means 

-toB jiuu g'ljii jIa jV jail! (Jail ajLj jc. O^jVn-ii dJljA 

>■*>1 .Mjill ^JlL} ill (jLUl (_Jla 1^5 (JjLuj A 1-hj 1 jj a$.U£j 

£&} (J jH ^UjjjJIj (jujjil g* Ijj! jj^axJJ (_J 11 ! (Jly jll Jiijj j 

jl £*ljjllj Qs 3 j.{_ 5 iB aijjuiVl Jiliilj (Jaill (j-a <^jaJ £^1 jjKlgjjj o) jj£=kB j«a j±j& 

.(JuutJi £tllj CiilBj jU-utVl 

jf H A-Bjl} (jlLi jib £*aV JJ*H lMI jjSi ^3 CiVlaJl jiaj ^ 

(_SJ_k-ai OV^ (jfij . Ijib jjS! ^ILal Iu.?l (JSi jlAjS /1 J».>j Ltua ^liUl i_jjoa, 

Alfrj C'.tlll jUjb ajIjjJaj Jo* £uiV jixll (Jxill Aut jib jaLSj 
•Sjjjil olajLll ojjllp jIa jVl ih passion fruit jIa jV 

(Jiiual -k-fll) CT AvilaS AjjjJkl (J-a ij jj CjIL -3 £mV JJ*B (Jail _ ! jjil 

managed jW)f' Ia juj iiAaiLSjl wild populations Ajjj j 5 li*S J^s Uiic 
■u —*jj perenniality ^ ■ j^l l J,. .t^-i ljlll} Ajelaia.yi <iU a. CjLuj^ pollinators 
» g jfoll t_i—uilL» Jail cJ*=*j (harmlessness jlj*iyi j»-*e 3 polylecty (J 3 I3*11 
Cjljan* 1 nall j* ajjuSB J.1C-V1 (J-ali £jjiY Jjill (J^il £ji jll ^liakiuVl JSjjuj 
Aj 1 "J* j" t " 1 ^ atlhll f^}3 ^ cJj *~ ji ~ j«W' clA%lj,*i%} (J 3 ^ CjLa y\* aB a jij j 

.Ail yuSl\ 

jSL_i*lt (j_s (jiaii <i.-k>rtj natural vegetation AjajJ-ill j] 

jl t.'<yi (JjtiJ CjLlillj AjjJI oljlill All jj ‘ l^j 3 ^jjV jJJtil (Jail! J_di_ajl 


-\rv 



^_S ft.S ft J_!Lo jjJ ^-lc ^iSljL-a 

j* l .^«_' jjjL-uJI aiA Xoj (ji v j/ 1 ' 1 • ■■ >H tjfc 4-yjp jt>-^l j (jj .(J u^o l ^-a M 

lj_ jj 4-^LLa 11 pLLaJl JAC. SaUj ij-a ^Uu^yi (jXui^J (_3jJa Aj jjj (J^ili O* 4nSl& 

. 4 '.» ,\ • r-t\ j pULxll ALaic-V! Jii 

* 

Using Solitary bees as pollinators obsSJLo/' ^sPyoVI JstiM jo|.A5*i«jJ :tuLi 

Jj.-^l _ii-oll (j ^>g>1 4-<li 3 fc *~>\ ^klL*Ji g-llj jji£ (_j3 ^ >V! tJ^ A? 

A_<u*J V til J^V jtS-a (j-oj <_Jj^V 41lu (j-a &jiluiS- LjjuAj] SjjAA_a 4 jA 2LS (j£lj 

■ • »jahU ^ iaSs 4j1& 

(J.—cJ*^l #jjj£ tiiVu_yj*l 

aAA Jjl .4j&ljj»a ^jiLiel (Jmi.'a*! 

tinak \ ^ 1 o ^Le. Fabre U1 ja.1 CjVjL^alt 
i.ijj i^l t j^u Osmia spp —11 <J=*j ijl -^j 
(JT-* 'is & jj cP 1 ' OS#H fc^J 

^ _1is _^T i^iaub (Jac j ( Y1 lJS^) JjiaJI 

L)—a ■lajl '^) (3^ ( j > l»li'^ (3jii»-a ^la 

la—_il*k]i <■ _ fl\ irk Ai&j ^jpa (jJJJ (JV* (iP 3 

^La V*\ Jpaj jua ^ ^ paSA (-Jj£ 

Ia a (J>ic. La£ (J-«.iiijl . V-ijl-kU 

t * t 

j t_Ujl jl £J jjj (_jlc Luiajt t * '% t il l 

l$-ia t-ill! ^1 ji-j Sambucus spp. tiilfj <P (JJJ <p 

'j -» (J akj 1 $—l p—si \ jr.l ii.f-iH ,j£Lui.nl! aAA (j-4 j^yoM 4 {j! Aijj . (JjAaJI ^^3 

jlL —-j ,j—1* P—Si Jaall JjsI j Anthidium spp. Megachile spp , Osmia spp. 


Ectemnius cavifrons 



^ ^ LslP> (T *\) 
u-jUJI £» ^ai J (f (^!l 
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Vj- - ■ i 1 i- aV*' AAjLJI (—UibS'l A=J (JikAi laAAC. jjl A=tjj . vlilfijl 

^ S A£-l_1014 La* S jjiWt 1 g AoJi iCaJtj Jsuj A] oLJl lAgJ 4 \~\ ’ll ' jji 

.I^AAJa 5-lAiJt 4jaiL^jll t_uiljVl ^AaJL-ij t / . jnj ) .Ig-iLc. (jd^ 

ji_U-a.i'.t Jsljjj <J LpLiiJl (Jydl (3-i ( _ f Iw ,j*0. J, C-3J 

.<J jjjA jj* 4-? b* 15^ ^A (J I -_ks Ll* 

Medicago saliva fj **jdl <joui iLbiibtl jlfl Megachile spp. d^jll J j^a 

_jj a jjj (JLJ1 qa AjjjS AjjLic-V £i) j* (jo >jyi SjjS c.Lul <.‘‘i->)jj Ijliai] 

J_afi. (jlc- (J*C- I'd .^iu^jill Jj-lc. (JaJill JjSt (J 41 C <ic g r Vll i. il (jiL^EaVl o5Uj (jix 

J —**1 Megachile navalis, M.inennis J— a*ill C . >i . \> 3 ju* a Ji.b l_ij3 
(j_Us ^ _1 Ajui'a.St gJailb M.jrigida Aaa& 1 CiLajLJl jjSl ^LuaI ^c-jj (jiLicVl 

_Oijjll ^ jl j-a (JjA Qlaj)/\ jjA jjSjJ (j-« A^.J 111 4^ 4_iiL£&i 

■Helianthus annuus J —la <ij^a jUiw L^Ia ® jjLHa Ciljbi (_j_po 2 -ol jj jjjA 

(jia^id_ui (Jj. <a\a Jl gtjijj j'uL.j jjSiJ ^jAl_^iiy\ (JaJill jl* ^Ijjl oA& A4WJ4 

^3 ^jiil^Sn oAjJ I jti I jiau Aa. jj dua (jl iVi-i <1 (jL-ua> (jit Lofria (jljjJ 

aAb j (JjSjmall *1^-aAa-boU AS oAjla CjLsjix* (jl J*l ^-te . (jbui 

. (Jajll \AA uifi. 


Megachile rotundata ~ > 

^ a^sjljij jj;_ij ^ ^a! jiiyi j^n ^ qu 1 oVjU^i 

tjji ■■ ?*»II (_jAa_»J (j_£ij A 4 AL..n'i?yi Ig'lAjS jji <iLi^ AjAi_o AjO-lit-n jjlUicl 

Uo-Loa. jvUujjll ^i£ -*aLi Aa.j LaA jC- 4 o_oli. A4-4A1I CjIa dulS AoaA^luiajl 
(j) jjbL_I (Jail! tSili 4$±Ji (j^ artificial domiciles Aiiuual <4ol'u.^» jjSLal 

Ja.1 —liJI ^-1] Ljji jjaJ ^jaII Megachile rotundata 

JJ_1] (J- 1HJ (jl -11 LjC _>>^Aj} lJaII j ^ r * ^alL a iuil ISjj^V ^5joill 

i-'l jl' (—ijc. (^i <ihjj t—sSc. Jaikjlj .'I -loA ^ \ ‘\°i Ji Utah 

(juS l -iaj l (jl__iil _La 4 j£ooJ <C^Ua A*j jf Jajll /jl aAaJLail 
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•i 3 J. l kill_jLjj' Jjli_u j 3 " ■* <11 ^ i-.il! >A*-all I—I^lj ^jiaLuLall l_l^A:j 

3_• ■ y*r „U j A _jig! Kni' l—njljSflj j’l <_j| jjj 4 Vun.-.l l <j3j^ll L-njliS/1 ) 

.bjLaj <DlJtlui]j <jLii, (jc iwiJaSJl 1 ‘ilY j \ 1 ^Ic- ^ (jS-ol 3 

Life cycle »S-jaJ1 *js- •' 


J1 _2— It M.rotundaia (Ja-ill 31/AH1 ^ jio — <jn.nlT.Sl i_ij_^lall O 

3 I jj_J .^j a Ale. jyLa _^i.lj1 3 * IjIjjcI ^jilml *l — V ajl5 

%j—a (j — a 3 ^ 3aaU ij^yj -^aIUic-i 3 ® (j»i/L>*si tiiUyi 

^_2 l_£Uli (j —a ^—C_jA^« A.T.5US1 -1*4 .SAa.lj o_ya jlJJJ <j£lj 

£_Li (j a L3lajl tSj Ji=k £jJaj u ij-w (_J jLall lA jlnan ^i\ (JliiVl jl eAJjriVl 

« 

.^jlxJ ^*-a 1 (j S > «rll 3 ^ ^iai^Jl 34 Ijj air* a jl jji qa ^ Y V {JL5) 3 Sjlr"u ii <i 

(j * u jj^l oAj— C. AiC. » ^li1 nj^n»J <-iI~v 3 ,4E ' (^jiS jl eJuoi btaJJ 

£ wajl 3—lill (j-2 Ig-kJj Vjl (JiAj £»liill ejjiakj cjuutlb ^laa-a ^-ISL fr . 1 1 (Ja*J1 

3 jl<ll 3 -** (Jj-cu 3 ! ^1 t-'alSil ^.jjj 3 iill 3 aa 3 j^lj jjjlun pj 3 nkjll 

jajLLSl lAA (J^an <J< 11 _■ alii Aj^j Ai&j .^lilll 

4 jl<- 3 afi ^3 Iajjj 3 IjjVl 3 ® £^=*2 ja£& (^gJl cDSjj 3jS->ll 3^*3 

^ njVl jUj A3 li&j 3lili <aj3 3 * t_o jjAj 3 I JJ Ia^Aj 3SjL*J 1 3jlaJI 3j^ l 5 
IjOk 0 3a»Jl djllbkj (AjI 3^ *AaJa3 ^ Y* • ^11 3-aj A3 4 _i3_jj Vtaj 3^^ ^dW J 

1 <111 3jjIj ^ O > —^ « j 3 a3jj 3jtlaS £_aaj 3 ajIj Y • — \ • jaJ ^JLnj 

Ir_jl^kLnZkl Aj 3 (JimSl ^3 JjSiSl Ui o_jA j (J£ j^AjVl ^aSj Lain j 

3- a ysjj (_jA^I <l^nil . jlAjVl tripping ^A3U 3jA SaIcj jala 3jij ^-aAJJ iaia 

M.rolundata 3—Laill t _ s — lA»Sj j^a 3iaj Jj’l ^ 3 ^' tinu-isj A^J-in jil 

. 3 ^^^ cUa^ aljAC ^yJJ (J^ajijj aljAxll 3^2 L» J^ 3 allkill 

AAk_jj <illA vIjAa lilj .<luJ! ^3 Jja. Aikjj Ajuullall ejjjlall tliaj 

:_3j .(jiliH JxaJl aliklili JjAk ^j jik AaJ ^JjLuil *\ — i ojA3 ^^iaj Jj^ 3 ^ 

V O ^_ 11 Y « (JjVl (Jjaril (JjLjJ ^ujj 3 • JjVl ^-4 (^jIaII (JjaJl £ _ 93 =*> 





_iall Ail 1 liUj (ja (Jil siAil gj2 O^J •^3^ =k 

.^JivJ! (JaxJI .la ^ <iaAI kXjti (jiljJI tJ^j 

Artificial nests and management *Jsy\j 4jcliwa3l <_>iLic^it ,<_i 
■^nAaJI drinking straw’s j ^ -®l 

Corrugated £j—(jjjil -^'j ’M.rodindata —1 domiciles (jSL-wS 3 j£Lo]| 
1 • * —J UilS' £•]ja t^j=kj (^1 4il JSi jLl o _pjj olil 5 jja ^jlc. paper 


□ 



a jXi-\ (1) .M.rotundata ijljjSU ^klaJi J*iJl (TV j£-i) 
jjLdl b^> (?) J'jjS' (T) 
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A. rtjjH _uail u-jaAj! die £j-aall (jj^ll Cjlil ^11 <-jdail jljjlj (jic. 

4 ilia ^_3 |_jj jia ^jo C i.* , '~Ci.-J — ialj <_ll_frjill t. mill (jafk j LaaS . 

1 *K u —Sj (jjjjL_£Jl lae_jl (^1 jjft LaS jl <jc. ji ^ ^ajilt (j-n Ajajj 

- \^*..il <._,Xi^ajl (ja **.jJ-acl 4jsual_jj ^la/Jlj jja IgJijLsak ^_JLe tj^e CjjfLdl 

JauJl (jl A^kjj . ple_fr]l ^ 1 1 ^ j*-* ^ (J_frlaj ^la "Y t® «t jUb3l Cjld 1 _nilii 

£■1——sill JUS. ^jjSl! ^.kiuij <ja t_s_fr.u a all Ajl^jll ^ jj^k._frAll 

*—rnL - jl ^IdVn.ij (jl d^jj '<u+ Cjldjj j1 (jiaii LjLkil ^ JSjl jJ (^l 

. 1. jjLUl (juo (Jal ddo juaiV 1 i—njliVl UJjJOkl (JLua CjI jni-k.ll ddi (ju) Cilia jj-aai 
CjL_5jj 1! ^AJkj Aja-liall pIdiil 4oa£ La .Vvl ddAj AadSjikuill (—jjjUVI _p3J (jl da* jj 
V i .ljl l 'l l Ji=kl Ladle. ^ > -u l BjjJLuall liAiJ/l (jl dJuj La£ .4_yjb]l ^ioLSl! Cjl_frJodIj 

(jSl - JocS?l .I_l2ill ^aJkJfc (Jjlall jSSi (jl_frji ^1-1 a (JaiMniJ Lg—iLs _jfrl£ _frlaj Cjld 

d=kij ^L«® _>L*1L tl;ld^l A uC-n. ^Jo3 (jki wooden domiciles “LuLs 11 

3_lSjj5l (—UjliVl JlSdj (jl daaj . Ifl \~kld ■LS^kll ( Jfl tiij l_j_fr£Jl dll ; -Lj» Ti ^3 4 lnj-k.ll 

• 4e jlill cjj£il] CjI juiLaJI JttSl (ja d! j Cjl_^jiaJl Ifrllad ^1 ( _ s lll t_jjfill 


^_J t_ll_friiil <_J-ubI l$_llj 4jj.a.->Jl ^Jasll C-ljS (Jjuaij (YY JSui^ (Jill, (jl 4j_fra.ill Cjlul 
t. i ... am l ^ - . .. 'j _frjklj Uljli (Jjt.-Ci AjitaaJl (joLi&Vl jjjj AllS .^_fradl (JJ_yll 

dlj—a jl L- I ja 4 _LolS __y£- _jl_frijt (jui <jjm Loa jllj^l I_ijLinj ■ -'» ^u-.j LS 

^lj_iVl (j—a ‘"ilaiL. JLualkalj ‘*'1.'J* ■ all odA ^le. (jSJj .(JaCLuj (_S_)Si 

,A—j^lldll (jlllVl (jj dJjfrij ^xalaua ^Lixll Lua ^uual Aj_frlld <■ a.^»' i_ajfrirC _fr=al 

(_ya 1 1 _jL^_=u fldikiuAj (ja (j^L^eVl ^l_)Sj AillS^aj ^l_frlSfl od4 Cil_ jlAa (jafr 

^—£J Igj 4^11*11 LilJl (ja ^1 jlj/1 t ajLi'i'i ^li (Ji^aila plej (j^frSlj ^ja_frall AjLjj ^ 
-11 (j— a ^lj_11 ^ K ' ‘1 (J_a (dj 4jj.ul.~k.il ^laal l ( j£j J . (jlilll juujjall ^3 adSSuij 


j i a LoS Ifrja adklu 4 jSj_} 11 IxXSll (jl > all l j»de_y l^lj_j 4iSj jjall ^lll polystyrene 
fr_A La£ ^bk.-kl (ja jjjS 4 jSllall CjLdjdlll jjjl V LS 4-nAiJl (jliiVl (_y! (JlaJl 
.1^1 (Jadl (jasjSj LkjjuS Ai_fr 4 jjj l^ jle t dj «. j j .4jjiii-^ll (jliiVl (dakll ^3 JlaJI 
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• a > s.^ \ f - Laf jlaii’ Cil 3 4oiaji klAs^jili 44£> jjl 

_ijVl ^ja v':^: ^yt i—kLs_.al 4 j jAi .Laa .^1 Lai p-Lo ^ 

■.lii " J^i-iil'i kill 4 (_jiLlS-Vl d~4>3l (ji Aas. 5 j ' jJ- 1 ^ ^jiVi Aj_jlia ^Aaill a_^ia^all 

> :U ,\ :° -US tiAW JJ jjSill V-* 3 a*jj 

"\ j —La! (j’-^Sfi ^ 1 j jJ-a ° j° _>jaa (jjUiSlI ^ :T j ^ 1 « £ jlaa $s£i\ ^ 

♦J> jXUJ ^ dftl jliftl ^ J^il! jj-a 4dlc. 4.uii‘i gjjjj -fl* 

kilLdij jIoaIIj ^Ij_^J1 a (_j .ia aUl (j^i AjLrt.a.11 ^Ll&Vi fcLiJ 4jjj 3 ^ 

{j; _ 11 ;YA d^') (jLiLicVl «aLju 4akjj ^jij d^Lu^C ^1 A-i^l^-a ^o jjjUI ^iaJ 

(j—oj .JaLiil] J=>-ill 4jjll jjuAiill 4x-ll ^ji ^gi^Jaill kjjjadl ji 

_J (jdljll ?Uail1 (jlA^ (_JU 4xa.jlJi 5-a1>Lc. (jA (JSAj ^jiLicVl ^Lia dial jig-all 

jj.ai_.ijVl (j — A —jj=2ll ^J-^i- J Igla-Via ji ppjjiauill 4x3 j JLui 4 S ,1.1.4 . a 

(JjI_ U1J 4 j . _> J jag-all ju» lijj .lg_iliL£ji! j^A ill) jAaJl jSiaaJ »l.jaall ^ .JjjaiVlj 

, j UjJl ^—JDIjj ji —Ji llsl j—liadl Ol. 1 i.vaj Jik-aLa-all jjj 4ic d 5 ^! (J»^d 
jil—lic-Vl c\ ii oj ji 111 4^Lo £ A (3-0 jaiV sdl ja. jjJ d^jll d^ 3 Ur^J 

•/ *-Y J* 

^LJillj JjVl d— J>" jaj La'l Aj-5jx 11 jtijxll (jilic-Vl f-li: 

.4_LA£11 CjI j - iLa Jl d£ ^-JJ-a Ait jujjj^ill 4_;'^j ji jia <^u!jj l -lllall (jillj 

1i_& (j- Ij A^a-bk 4-n^ 4Siaia ^3 M.rOtUtldata (y> 0 J^j lilliA (j^ij LaJjc. 5 


k-O—ra. 4-ilaidl ^ t_Lwal1 ‘'Trapnests” JjL^aS jiLitl A-Ja j d'^-> 

i_a_aaj^ .^JJjll AjljJ ^ j) <;1jjil1 ^ l_J^C.j-all ^J^all (J^a! 4xjj_^all jiLUxll 
a*] ij d a* <^1 J— * *% Igjljjaal (3fw ^LLuadl ^jiLioVl i5 3 

JJ (jit Ljj'jAa.) JI lillj 43j oAiAadl O* 4^ U& (J^V' 


• d^ qa Igji AiiLu CajlS j_jjl1 Cil jjJl -ai l 


kJ ^t-a_ 


d-SI Ar-jli (jiLi&Vl f-iii ijj^J 3 
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*<«^ . J-alS (jii 'lWu ^ujll 3LjJl J£i j»\jJl (_jA ojaji*lt £*UuJ (ji i. U» i jj 

al jll 4 > 3LAS1I Oi jAail (jj iia jli (jlLicbU plii l.-i. 'i Iaj (JIa, j£a 

/i linj JjAsJI jjk jl ixj Lui jikjpu* (JjiaJl ^3 

»\ ii sJjajdl ajjJtull j* & ja ^ JJ Li^Jfc! Wijji 3jj\jU 

<J jJ _ > lJ J ■ ^ — a I ^IjSn 3Jaall qa (. ja liSj4J 4jla <_il*jj| j^/ij U&j (jiLieVl 

.(jljoaJl jajll e jail ialj 

(J. la $1 jA__«J! (JjS La jjla JnL\J (Jail] 31alSll Oljjiall gr Jja ^iiSj jfUj 

Olj .. >ti-fc 11 ^jj- O— j3jj jSaj !jjj £ (jlc. I j fciai ojjali ji YY—YY 

jj—lc (jliiuj ftljitll <Jj3 La jjia laia jLoj ji .^aujjl jJfc jj <jil jnl 3L>L<ti 

J—aill jl (j—a jIL_jj .3 alia Gj_« Sju^i jjJ 3>>>iVidl *jl jail CilajJ 

Sj_a cJij Ajlial jj .1 3jSjjatyl Siaiall oL)Vjll ^gi) (JaJ M.rotunduta 

Jj inllSH JJ- nil (J—aill l.\ - A OliT |>a 1 j-a .4-Lftalj A l£jj-al (ji 4jla^ Ol jAa 

-Trogoderma globrum Jla-Jl »L »a j -x j Monodontomerus obscursus 

<-ijjall (ji Jljj .hi£ (_jj £?la jfti US M.rotundata sjby <-U<aj ^ Uajj 
3jla (JS L_iijj jlLiaVt (ja Ijjla jaU-i^Hj Ajuajj^llj 3 jxo 1) Pi jAallj LjLLII (JS 
31jJl ji tilU ^4»jjj» jl^yi 3i^ji 3ij«i>> oilS 1 jli 3 jI±ui1Ij pl$jyi jjj cell 
healthy cells 3 *ojLa 11 L^lall j^jju ^5 3iijAil j<nS*\ pi jl All* jl 3 1 <^jj-a 

(jjlj—kill (J j "ij ■ p-lTunll (kLul ^ £ ^jlc. jjj JjjJI qa jkilaSl jl (jLu olaj 
A Up ji-a ^gi ^iOjjj jijjjjall jaAJp cM Ujj 1 o jaj 3jajVl j-» 

(j—4 Vj^ ;ji> -tiT) ^ all Olj ■ kfi-kll .%*l« ^ 11 o i 3 amu 3jjJojj ^ Y“ * ^la 

l—aS M.rotundata j—a ^ j«i j-aij <iap. (jlilkiaVl i=»l jj jil Jai jl jjjLp 

f j k^.1 t A ^Oljtlail killj £)A.yj .OblaiL 3-jl Ljaul OSjll liA qa ^ jalm 

3 <h'u SjU (j* (Jalij »U Aj Igliukl ^jjJajA ftlaj (jjial jluaail (Jilj 3 ja111 
. * 

^ i (J —t-tll i.I- >j V oilaj k«.lc jit £li (ji Lujjjj oULikll jl jaluJ (^la ^aUi 

m 

yjll (_giljj-iall ^gla *Uai Ujj \ A jai 3j U-ifkl l ^ aplSj VJ ^jjall 
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4 3 %.) -1*JJ jjj 3 jj£iH £ jj^ e-AJ '^ C ' iJ^-4^ (3^^ J~* .-? 

r' i j - r.i~>'i £jlajpj (JiaJI jjJJ ^1 j..<i'' -i^jj (Jaiil iy* °/ot > jJx .lie j»ijl 

_laJ 3 (JajJl iiljJJ ^al-lll (jaiLdl 4jaj (_g^J .4 j)-»C.Vl (Jljjj (jiLiC’V^ 

. Ig-liJ.} >. ij 3 ^-jljfu] (jiLiiC-Vl phi? jjil J 5*4 J 


^—iiji J—£ j'j f>j—-cj-o Y^t, Y ^ J>uLj 3_Lj JS ji tiiU^Vl tii 
Y (J £ ,jl i-j) ^—i-al lil—Jj qa jlA jfyl (_ 5 -^ c ' ci>Dtll 1^13 j *■ Jaii ^ ■‘■ ^1^1 

£__a 4 i 4 llalS -jjl t « , « • « j-vj ^jiLlcI p.Lij <La jL (J jjuoawdl (j^° 

.4. inUagl (jC- Q. Jijg \ jlaoVi Q-a llllia 0.1C- ^ 4j*joi j£_jj ^ hi-Q La 

Nomia meland .eri ~V 

:SL- jaJ| SjjJ .i 

JiluiJ .j»4^jJl ^ jil (_sjI jijj (Jaj Nomia melanderi —1' J 21 - 5 
j i jJ l (ji (Jajll (jja AajjSII CjUVj^ ^lai? 

J__aj jaJ (r • JiL£) ALilSJl ol j*IbJI ^aa .sub-irrigated S-ija ^ijj* 

jj _Sill ^r^^aij jJ_yJ t- 4k-n'iM J4JJJ ^ji.1 4_Lal£Jl Cjl^^iioJI Jjij .(J* nx ]i 

^ ab j *4J4^_Jill t_l_jS <L>1£]1 i'll j.titi -.Ia. * ^_^4 J .^jjluiJ J~* * J tliU^/l j_Ja3 

^ 3 Iajj klua j fllil l l iisiiiA -l*j V) JjjU Vj ' a a l^aj^^a j_j 3 tllLiVi 


Al l ^ jJI Uik (Jjl (j^-aJJ ^*4J 4-i-in*^li a^StaJI [JaSj 3 . j^Aj 

IjlA j 3 4 _1 L - JI tUliil (ijJI (^3 ^Uill ^gic. 4 j Ja±i ^sJ 

^jil <“}—i 4Ja 4 .JAji ^»4i*i Lt.ii-k tiljlMill jj-a J-»/i j l 

c lil oiiAaJi li^UJIj 4 _c.^iLi]\ ^ 13*1 j aijAa. 4 -ilf> jiaj oAjAa. 4 jli«. jj^aJ 3 

_lc 4_ ij! jj (J>Ia j**jjY • — *1 O J jAaj ^5 J Jjit JJ 1 A (ja iJjajio (jlc. (JS 

J S branch burrows 4 — tjiLj j—ia. i-t ^ a 4 —c-ja^ui —1] 

t o—o J 


s r\- 




Jet- Nomia melanderi (Jjli 1' JiJO) (f * j£i) 

^jsJ J* J ( r) tfjltfi J~J> (t) 

. j j^' y f (i^' tiij J) c^' 

Ijjij JjLJl iy* A-ujLaJl JaJl (j-a ia.lj 4 j jj&J La ojl& cliJl JalSJl Judlj 
j. f- (JS2 Ui. Y ♦ —^ o JuVl ^ ’;~ .Jutil L^JIAi (JLiljjS-o (J ^jl ^jO± JIjJL 
Jixll jjjj AiLuLcll \^..u> (jo (JaC. •('^* <J^-“*) 

jj _la jjiv*; .iii jj Y“\-Y £ ^=>j J* »j-aiS Jui d^Jj fr'-Lj forage 

J_iS L« j jL. J ? 1 J -.M 1 Jajll ^ ->L1 iLwi Cjlijjll Ajiij sjlij jLajj 4-^lajjll 

■ ~U.„ aJ jjJI AUaaJI ‘Jj 51alS Jj (jjlidl 3 -aj jlVl'n j .*1 jidl 

J_i Lo jjJa _Jaj 3 f CjSjII - l aJ aj j .£JJjll J £ J*- 1 £-* L>° 

«—JjSB <LA£]1 ClI JicJi £■ _)i>J V j .»jl _J! jJ Ji- 4lol£ a ylz*. Jj cl jA*Jl 
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J .y J v - » > j-> J ■ % Y o q* J|| AjjJsj i$jLuv* -lit *i'j 

•ulLo—kill LA- ml (_>» «.! _pj t# 3 ^» jAial 1 j^il l~»>aVj (_$jllj Aiuill ^ ^ » nj*i J .iaSs 3 

• i]ji\ (jji AIjjjmC. qa (Jsi (J-Ok AadjJJ -U AjJ V) 


jfrj AiSLiel 1 *j is h ( j^. -a A j Cjli N.mctanden J*—' 

w j'j tow mounds '< CiLul _pllj alkaline flats 3 jjH 11 ^Ja^Vl ^ ^-h 

■ j .(Jajll 3 1 » >iS « i 3 jjjl 11 LfciS {JlaJ j^all ^jSLoVl oiA *JLo .aJnljiaJl CjljLill 
jjfljJl (J->A<g O £ > J^e. ^]J {jiLinVl A2 3 jjI_ja 11 C_ij_pall 

■£!J^ J^' 

»*■ -n-i AljlA l" i\ j \ .■-. o—-*-l <U SjjuS 1 ^^ a - ^11 lAa’Wj /jl axJ 

(J^. »rtij ■<& j.-uU o -uitll (j^ajljjjj C-jLuoVl [j-o J^aJ ■.>■••' *■« jit- ojlc- £§^oll 

— (_yi^\ ~J ^11 (^jll AomiaJ^I t—lLlusVl 

•3j^lajll (J^Uj jl jjjill c_5jllj clijaJl (Jia 3 jc 1 j^ll C)ULa*J! — 1 

.^Jjull ^3 2<<*■■■• jl Aili.g o^i!» 3 jjg-la — Y 
■ Ciljljslnl l jl OLajiLoll 4Ll£ jjjJl jl_yiaVl (jjajJO — f 

3 1-. yi oljlfj QA _J-0J - i 


-it 1-' QA pj J W-»l jL O-I^JaII (jiLifiVl 3 jt /". 1 ^iw^Jl t gEij\jA £ 7> .faj 

> J^>*“ Lai 3 jjj 11 £_i-bj JaliaJl (j& _p=iLi-oll 

,3_a r* ’J Ais-all Cjljliill 3J1 jLi jl 3j_pll ^ 1 t ij.. i 
Artificial neats Aj&U»aall ^pUifrVl 
j_a \iyu*a jjii Nomia melanderi Jaill AaclL-all jiLicVl 3-alil ^u*j 

_all l^jSUiuJj IjJ 4j-aLiJI ^51 ja 11 OtjUala l",," M.WtUndutCl _) 3juoLkll lillj 

■jj. la (_j—11 Oregon 3 «a la> ^LoLtll (Jj-aji i^llj jj .^pajVl dt»j -iswp 

.(J^ill 11 & (jaL>£&! xjl 9^0 nfiil 3. -> 7 > lj 



Nomia melanderi cSjlaJi (T1 j£i) 

0 S“\o ~ Stephen j*) 

(ji\_ >ic-Vl (jViL la ^-3 AaIjUj (iLAJi 

(1 -rtl\ SaiLj _)a& AlilsJ c_4j^] a Igj o^ia. (^o& ij* (jSjAal\ {_uaaJjjj .AaaaJali 

q _ a A _lad-la A q iVi\l oik ^-Viiu tiljlm^bll qa »Ua»j ji-wll £-13 AjJaaLJj 

AjaWi AjjjHj ojiaJl fj* (jiilall ^1 jill ^ (J-4jl\ (j-a 

4 —j^lajlt-j (j£ nmH 3ti«y ^dajjJI ^i^all Allla (J^-aj i> jj—jLo >i j ^9 

« 0 (j—ajiij ^LJb 4j^pil 3 ° bUfl 4iUI .VoL^j t il Li £ AjjJajI l ' i-^'U 

<-li\ %1 j"l7Lyi ^_Vi»a _I£J L-jjjliiaJ] (Jit-db c-Lall i-Jax >j ^Ic. (J-inj ^£3 

.(IM (JS*S^ Aj^laj 3° A—aliJl 

lAaci 3 ^ Ajc-Uiuo]! £31 j-JI till! aaj (ji 4il laokU olac^ 1 li* (jl£ aal 

^—3 (jic. YT • • j—9 J&\ l^ic. gaj fn *jj JSik <3-o <—1 jS3L W.stephen jjjSJI 

la_02k ( jj£__ 1J Lailj j>]0 X A £2_ja 1 t jC.Umlt (jixil (jI lil^bll j33j -£Jja31 3*33 

1 • ♦ (j o (JSaJl 13A (Jaoj ^** 3]! 3 * j3j£a 3 T gj 5U t_il£ ^3-ioj.ii 

. IgJ Jj—ajil JuiC (Jab 4jlik Y • « 3j 
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Search For other species is jjP iaofl ■—> 

Jju jc Nmelanderi, M.rotundata lDUjjj} ^L?j 

j—-oj *(J-L>° 4a* jj (J (jJ a lia Jl \$JIj Aic. jjS! Ia jjLle. o.lLj (Jal ( N j^ c ’ 

O.excavaia. O.comiforons Jl« Osnria juiaJi 4ajlj jii filial 3 ^-£ja 1I ^IjjVl 

jl—A j\ ts —It J (j—jJlj jULll ^ j^ajJ! ji JJLal.pl 1. ^ Mil ic&1 j- ( g-lll 

(J—»ilt ^ - ILlI I O.seculusa j jj]1 t5 Jc. Brassica compestris, Pyrus malus 
,jl—iiV' (_g —a —-J! ^ia JjSj O.lignaria jl o>j t^JalLPi jiuu jpl 

<_il jjill <iSLlci (jjij J ^Uaiuil O.rufa jl a>j LaS AjsI tn-ill AajiiiJl 

,^aO jJalll j& jJaSil 



<J—^—jc-lii-a (jiLacl Jiaj l&Aaj J (j£-y <_sj^1 grijji (illiA iiLi jjAjj 

U jil— is. jbj — j gregarious jUl 4 jpLijw jjSS J <_iao LjUj ^ 

tdlj 4 L aL j j 3i4«_4 (Jj^aU^a jj jjj jLujyi £A**a qa jaLifrl ^ J^ 

Jj- , . ><->> al l jj- A jj £-a .jjl jjj JaUij <al Cil jj LSjid ^jjljj 1 jjt jp rJjj^alji^J) 

■ I fr j l c- i-jli-lll (— )« i- r-ij l '*i 1 jWtVi ji jJIaljaV AjJaja-a jjoj Sjljyij Jjljall 
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Solitary bees in Egypt ^ Jajfl —T 

.IaLSj Axj J» J i■ ■j'i (Jaall iya e l j - & ji-n.a 

^Sjj-L Ciaj jji-ULj yjij (J^jll (_^x Alt “tael jjl! 4 mil 

i —jjjII —5 {ji—i*j jj —ill 5-i j-ibd (jits _y«iJU L^" 4 ^4*-^a 

_ iail A_il jj j OjiliAfliu j 4jjali (JLa 4^.!ili]l CJJ-oi&j 

tS^] JjJi ( _ s -*-ial jVl J ^JC-1 jjll ^1 jiVi ja&Lj Casual AaStlll 

^—S (JLiij JbJI 4_aj 15 <_j_j2kj j ClljjjaJl sii (jLa ^jiLLc-i 4il jl ^ la jJ^uu ^jLi* 

1 0 j—u [J ^nn (Jiioil (J/Jin lfl.ia ‘LtlgJI <—ll j m& ^ 1 *\ 6 A ^.li..;^ yis\A 

j —a j (TT jSJi) A.ovatula £ >iil i^laj Andrena (Andrenidae) u^l?Ji £uj 

.A^SliSl _ji •> .til j 4i&ljjll (JiA^al^./ill jUjl (ji 4jj_ya.Lt sljli Cllj (Ji. i 



Andrena ovatula (K.) Lujja*iJi 5 (ft* J^A) 
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4 juljj £jjj OtaUi JJ jJ La L$ia j Aa.1 j CAjj Jc. (j^OA^vki-a jA La I 4 A 4 J 

\ 1 Ij-laj Megachilidae *LliLc. jll ^l^jVl j* jac. dlliAj ,4i\ii^ 
uj^La. Jjjbu Jali JaJ jkjM.arabica cji-a Mcgachile 

-Sj lj jl jl=w-— iX-Vl jd i— iLadl wadtiil jl^vj J AdLixd Jjjj 

Chalicodoma siadiun £• jV' j Ajjll J jl j\x<dl <JyjUj J J CjULiH 
QUAjjl , 31 j aWI Ij A iLkH j JjiJl jIa jl J& J^x-j l5^j IJjlII J 
^jj. .maljl Jjxx jJS .\ jl» . i l 4jjjVl aAicaJI J (JSLd i/' H (_Ujoi (_ji3lj 

j—du£ LaS .1 jia ^ A ^ yd i JjAik ( j^* l *‘* L. U Jj-dSc. Cliia>,j juXit iVi 

Xylocopa aestuans J —ja (Xylocopinae) JaJ ^laj) ^ aac. j^a J 

T“\ (j _ a jj£I jxaxa J L«£ tlsjAfli (Jaiuii <■ . idi% J lalijl Jau Jll 

U *— i?Jl ^juIj gdjii J?^a LS A.agama JL» Anthophora o"M' tA* 

Margreltii, ^Ua-V' Ja* 3jjj§ l5lhUa.V t'A'j N. edemata Nomia 
J__=j j—Aj Osmia o *—£-Aj (J=^dl £ji "f V jja J£\ dlliAj Nomiodes 
L$j 2jj juoaJI CjI _JLaJI ^ajISj O.ru/a Ig-Laj jJL*J\ cladl J jjJL* (_jAlJlj] 

IaJaI (JLxa li& (jaJ ^-IjjVl dK» jdiSjl 

^_3 4 l ul l ’s . [j-a AjAjJI <—iJ^dl AaL£ AjjjxII cl J~> l^i Jj 

6 l_^ oAij^l j-o Jla dry-farms 4iUJI ^ J jAI ^ ^ijSI 

u i jjS_uUJ j__>iaxjl!j 4 jjj 3I (JadB li& «-2 4 vjill «udiiVlj jUaua^l 

A il jl jl —4j jll jia^uil (jij OULaC-j 4clj j5l Ja*jj AiLvil CjIaUill 

^1 >—iVl (j—«j JijJI la* jjSUiiA ^dc, (jiijVl 4£-ljj] OULiill 


Halictidae 4 —L'x. j —aj Anthophora (Anthophoridae) near Candida LjijJ*J 
Ol j£c .j Evylaeus sp. cA^s B.turca Bembex sp. «-j I> »j 

^_Sll oLa (J-^j J^uu} Aulijil (jfl SjUSyi j»^(Jl qaj i*j (^l 

4 w^iltl l lIj!— lull ,J—3 £-1 yj\ (_puu Jlj tjS^u Lai Ur . lun jjJJJ 6^ 

t„ o.i ^ Ilj cl_jj^ (j— a Ajidl jjlc <-"il.Aj.idl jjliil AjC-ljjJl 4*jil l Jl 4 -ij,l^>a31 

( ja _3 ^1_3i>l 4 —i Sjj (ji —.miajj jl_iiyi ojljj] j\a jVl Jlj^S?l J 

.Ctfbdl eulci 
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CilitSiU oLiJl 

Other insect pollinators 


5._nUl CjleJiLalt jj£l 4.-». -O ^ CjLiibLc. £jJJ JriJ-i JjiJl ^*1 

.j_J-UJ.1I J £-UI]l ■—JJJ.S. ^ A JkJ j jb jVl JJJp j' ft- J 

J_aS ^uiaJt ,jic jauill l$JS UJLsij _ (J^t U_iila. CAaJlLdl — AjL-aJj 

ja ■-. ^ j' y ~' r i lilla £-aj .diLuil ^jSjj ^ 4-alft ^ 1JJJ' '** 4— JtaLojl 1 ^ 

Clbj _»Sja» 1 ■ ,~ijj .A ij< n 3jjbj jjV iblla-iLaS 1.1a. 4-jjj ja-q jl <LalA jjSj 

.3_oaIll iajaVl djb^&j (jLilutu j 

:Other Hymenoptera OLJtic 

JJ—jS <_gj i jj j£3j jIa jVlj UaUjj] Jsi (Ja-J (J jaVl ^j>V 1 ObjLic 

d? i&J .^a—'jlj-k J_a e ja. pLu\ AjjA jit CAalLnll L5 lc (JaJill j J^jball (jji 

JJ j—j t <1 fljlc. (jSlj (jJJjjJl jdi-flAS (J ja.i ^>JaJ j! Cj’ 1 jjic. jjAili jjAjJ 

c"il Seli£ tjal liJj Ami ' ^UiiA,! Cili jjAjaII , ^jia. .>*1 ci^V jIa jVl 

_ J 4J*J V J . Ji ■ iiill jj jiS jJaiiL 4jjlta AjjjSjj]) jliili 4g_-i j Jjj ^liil] |jj=J 

A.. .f.jjaji jAj c-Luji^l dlliAj .Ig.’ilirv, 4ajliiii t—it ■>~i’i rtTl jjlc. jiiljjll oil oj<-.r. 

I 4 —uLac.1 jjjjj 4 1 t tij t^^h»o Masarinae Alib Pall ajuU aj-Ac. jat jajLo 

I.") — u>jt Jjjball oAA *'W ^C .j —. ciilj .(Jiajltj C \M L _1 j.;-v i Vuiluti 

( 3 - -a~w~i ciUj ij& V-iJJ .^*uaJt (^Ic- ^tUtl (—Ijja. <—uSI jj l^J tJuJj j«jil) ajjjc. 

-!t j—J Ji b. j 0 ujJt <b’£jjj 1^'ii^j ja. ^ t3^y >J ^blii v__i 3i_-a. jaAik J&\ 

4 —ujs a — Lla A- ji lu (JjUa.^ j-« jS iaSs Aa.ij (jjUj j-o Ajlji £/k=>j masarines 

^ii.Vl.-tat mijj ^jla'i-kjJ 4 L^I, s-L-^'.A fi pi j^i Cilj g-ljiVt j-a jilSj .<lwoJl 

j liull L_ij_i-ajj 4juLb Cjl jul-k 1 *' ■ jjI Acjaa^all jljil ^Ja« . CjUbill jja 

_ Ic. JJjj_ j ilil jjl j Cll jJiajl jjjS (JLoj (J jiSll Jijbjfl ji Lj! jjiaJl o4A qC, 

A _JjJ! Llil jbjfl (jj jJ3 l^jc. <-. (iLi JjAjj (j^kjl! ^a=k Jjiajij jb jVl 

.l^k-iib j jIa jVb aIi^siH 4Ajjj 4jklrki CjbjUii jx A£wi LaoS^ .Ajjlk^uSyt J 





‘.Fig wasps ' 


Nloraceae 4 —Klc Ficus —11 _jA la*^ jajS JJ ^jill 

dA—jLi d u-l) dioecious (j’L.wul Ajili L«] (jiill gdjjl •J'jJ ^ ' * c$3^i 

iemale 3— J 1 -" c5j-^ ^^L^iLa ^ ji.1 otsUjj male syconia »j^ia j'-A 

S j_£juJij ^ 3 ^ jLa jVl ^ <J£ a=kjj) monoecious jl (syconia 

* 

Jjl_sllj UjIj '^e- Lua) ^jAll Cy>^y cJ^l .(syconium i _>^1 ^ 

,2j j/.-v \1 (TA^'iLflll ^-Ij ^yi £-a sjlc-j ISjlaj ^jaJo ^IsISj l~il »j] dili ({JS^L! 

^ j Aganoidale ^ i>Vl AjiLii ls ^i jjjIij caLaiLJ) Alii 

,% JJ$£ ^ s^c ^l^ji <Jj=^ 

JjjS*a<ill ‘Ulljj {jj3 

J. & jSil dil. Ficus ouaJ! oUlij 3 ^ ajaAH 4 __ 9 isLSnB Jabsij)fl tjdi jsI 

' t'n^ Jladil ^Jjla-a aic (r £ (jSJi] Blastophga <_nii=J AjuU jjj^auiIIS < 3 * jjjUA 



V vj\ jUd 5j'n? L&jjj f .. l 2i, i jr. Jjjdi jjjs :(f $ j£ii) 


-Mi- 


\ ^ . J—jS ^ jllj |YA (JSjij BiaJlali CiLVjll J] Smyrna (jjjll 

U La] a 4.\!\a I jy^ J5i liujJ ^ ^jj^ull 4_jc.(jl 

_jlA jV^ £*j 51 j (jJ) £^kJJ (ji 4 -wlj.lll C L-L-L >1 jl J .(_g^jl L ^>11 

Blastophaga UAijS- lj^LJI 


ill 



psenes 
jj V j <lil—jj Smyrna 


.(r o jUjVi 

1-... U C. (jc. ojLc <jiill ajj 


a^li jjill 4i2ill (Jl* 

jl jl Ifljlf- jjliaJjaJ a_>-al jia 
«£ pl__C-j (jklj ^.VijnijiU 

Ostiole <aii Cj! j jJiLiil 

l—SJ 4 ll« a (jj£j La ojlc. 

^—3 . 1 - y jj a.-sitll sift j .4_j.il 
(j—&j aj—<ull oj_ ajl 4j| j ill 
. jl-4 jbU [Jjiill ^jja3 (Jjuj 

U J — '£» 6^ jVl jJ IjJj 

(j—* L-UjSlI ^aJUl lilliSj jjlul! 

(J — <i* > J <_£j-II (_SjAjll (jLia_^all 

oj^il-a ijjSjj L*£ jla_jV I 

jtjall 4 j j^aJI Vj qjI]| 

• a jilaal! jLalill l$J juVj ^jil 

jw>ji caprifig tSjJ' (j?)' 3.^ -k-'j J £lU (1) :(^° j£->) 

IgLi_ J Sy—aill 1— j» o Ji\t i jTiU jUj^i 

o'j. ,~ L ' j <i;T C~?- 5jy> a all iiijll 
igJL ..ijS j ^ikj (Y) f'jj' lijSLt 
rt pJ' il>jjp jlaji Jnii ijj4 




Flowers of Ficus carica 



^_IL&ll (j... ..fill L-i.i i J 

Ficus carica ^Uill 


lj'—« caprifig 

(JS^iU 4LIS jic- 



ZU. J 




aa Aft djljJ ^»ja"). jjjlll 


J-“J 

■lie. Sjjijto (Jjflj 


j!- ajj\ a_ &lj5 

ju—&B j -(nj- ls) 


A <ij ir. $1_ 


Citu Uljj jaUj Vj 

4-a 3 C*'.ai quII 

dil—jyi obo <- : *» j' ig-iSlj 
tgJ AijJ (J-llIjil (jijjSil 
CjI aa3 (Jvli dlliyi 

dll-jyi (j, 13suij Ig JftAJ 

Au 


?JJ oli 3 j»j CT) /i 3 j*j (Y) Jjf Sjaj (>) .^1 jlAjf (Y^) j£i 
■fJJ*' «>* J*J Blastophagapsenes (£) 


-\i\- 



(J j' II joail jli jl qa c m <—)j, >a.l $Ia^a CoSJl IjsA jJ (jJjj 

A-J 2 kla quII jLa^il joj joiaijj OStioIe —H $-=CS <jjLk £jlail Jl IJiajla 

<j Jl joSll J {JwSbj smyma fig —11 J cjaaoll £jaj (jl£-> j& 
^ 3 jL_fi> jSn _io jjlja A*oS <iUjj JjVl (Jail J (Jaoa V lj! (JlSaj 

jl—& jVt (Jj_S t JLC V} Jcsa lj! Jj (J y*a Jl (\a (_P=lu]S ^o-ia j $ 1 ! 

jx—iis CiL__jy 1, iilS3 Igoa Cujj Jill (jjJI (jiill jIa jt ^UJ v_j^pJ a JU ajjin^iti 


. (jliall oJa. jlou (jjSoij 


($—Jj* j <jo'jaty receptacles $aajVi j* JaUjt $51)15 i _$jail jj5li J a^jj 

_i$ jajj jjl jSjaj {jilt j (jj jCaJl ^I Li ll $jj5l£all bjjaJIj ixpj^ l^ la (J£ 

j—a ja—5S ^-1& (_$ Jaj jAj e-loCll J JjVl Jaoull jjSb .(jjall (jjll 

u —1} jj—j»ill Ci!—ij (oCaUI) neuter flowers oAj'^JI jU jVi 

J—a£jj jlAjVl ( jy ij l io (ji Cali jail jauj .Cl joj j jjJaaa £xiuj $Jjl*aaJl jIa jVl 
jilij (jl jjA Ciljyi jiDj VJ jjSill ^jio .^ojjII J $LA£ Cal jCa. Jl Iajai 

oj <ull dja— jj £t—aihll qa JJj-oS Clij A*j CiUyi £ jijj .Cljauj IajI jlA jVl 

.(Vo JS l 5) (J—vAall AaC. flAja,jaJl j Jill jIa jVl ja ^ISIH t—ajaa. l^u $Lala 

j—jl! —1} 'taij j=J e. ja-j smyma —11 J3 J] 4ai> &jCall bjoCc. 

jl — A jVl (j — a iaoli La) (J jiaJ receptacles —31 1 >» ja>l iaaj (Jjau (jjjl (j jail 

(j-S jjl& jjaoa jjjl*all (JiJj • Um ClUj jUji jt Ciliyi jlft jVlj $1^1*1*31 

(JJj)..—qj .$Jjlx2all jUjVl (_ji Aa»ljiall jaaoill iaSS jaoa jSl j jIa jVl qa 

grj -=C jjij ^Uyi jl* jSU ( _ S -C3jc. ^j3j Jl Ljajl jimll $Ja*5al 

j_&jj Co—aa. receptacles _U CJ1511 iuull Jl uajoI tJujiH J iaiLH CiUyi 

.(Jjjl (jail! J& jjjil! »Jjl jCuuj pladl J ^ jiaj jl* jVl flift J ClUjoll 


qa joalilD dlj j-a (jiaxa jLua^y CllAjjaa-a aJC Cilia $2)1*11 di& 4 ij*d J*j 
pL rtUH (j^aj j{ Jl JCall qa jaaS Cal aijga^aiH a iA (JjISj Ui j jilllS. Jl Jl jajl 
j nil jluu ISajoii J ^tolall (jjjl! $^Sjj $J6 J Coauio-alj .ajCxll aAA joiaJ 


-liV- 



‘■■j'-y (jJ) (_$jj 1I jJ^ll ^*1 jj j>$j»ll j^ tjjii-all Lboil (ji gCidl 
j < ^-'j V l^jt Cjj^ ej CrJ l jxjlJI ^Je. JaliiJI (jS-aj yii smyma fig 

j__ull Jill_p ^-1c- Ajjlb^il jjill jLaJ Jl jij .JSbU jJjISII jiil! ^ jjlSij jl 

jiil jiil! jli-ii £* j3^ jil jLij tir S] JaiilLi JajJjj j Jill (jiill jliitil j^ ‘U-al^ll 

j__jjj J—jj u—Ic. o—L ae. _jl jiill jijlii (JSLii qa >C iiiiU (Ja j-oJI jSjj 

oj—& Ci—jjj —1 Smyrna-II j—^ ts— lS jj—H jull o* ji*l! j*a! 

- j'j> j— 4 4. ■ - jH C jjjUall a ji. ClSilai j Aa&xa ClUliiaik jj 3 jipLallj JJjlilll 


.(jiajAill jiaill 


_nili abca (_-lc- ^cLuU 4iilc- jiill Cliitall j-a jiil! ijii (Jxxau 

a.I_C. j]l (J -i-La J-i& oJja,jall 4j^lll <_SjJllj2«JI Jlidl jjiiui ^Ic. . jijliill j-a 

jll_.lie £.—iiji lijj CiliLiLlIj cLajiLoll JjCj ^Ci j? receptacles j j^jl! 

Clijill lgi3 jaii j^ill (ClV-lhCi!!^ ■‘Cali. jl& jl j jail Cliill JiaaJ LaS . JJib-lll 
4—Jiklill jjj .sl-bill ^.Virimiyi Ijl^J LaLaJ 4jjA jll Ai&jS^I oi*k jujSjj .Aj^lill 
. jiAill! j*a Jl=»1 j £• jj (JjSll tj ? ■ 11 l.a^ j-iill jii ji JafijJ AjjIjjI! 

; j <.„ J 1 4ijL=J jjj ^1 jil — <—i 

^ -j I > ^l—b cj ** il l cjjii 4 •■-.V/l ^iUic. jail Jlial Aijlj aj* (3jJsaj 

jS Lu-all j-ll—al j—JJ I—ib jSJj jiill 5*1 jjl £-a j jiJ ajj»j jl& jVl ^jSL 

CS-J) ° * * C- 0 - *v 1- ^ J_ 5 _i-a=^ ai—& jjili SjrCi ^jjj Fwacrophylla 

oj oj J—S j—Slj .(rv 4CiiH ^ j1 j ja ojltj (syconia) Sjjij 1 *»• • • • 

jj Jill jjiil JaJj • jjjj jl l^.i5Uj (ji^ JJ}J isLij JS^I (jlc t- jllni j 

£-1--Sill -f=^l ^- \AsA\ j-ill aj-aj Pleistodontes froggatti 

ostiole —I' ^j3 (^jjjjVl ^Ij^jaI!) Ia jaj J^.1 ja Fig syconium 

^ 3 QA3 _Jill £jCl3j jjli.lill (jfjji Ailill g>ljiil jlajj (jiil jU jVl '^jlj'^l ^SljJ 

.Cijjuj (short-styled ojiw^a j»jAai dj jla Ji LilbJ jU jVl j-=*J 





Morton Doy mxrophyUi 



Pleistodonteafroggatti 3jjJ (f V-j£^) 

Ficus macrophyUa Ci>sJ' 2ji j*j Jil^ <jjJ' 

jUjVlj -gall flower ti j* j f jj J U- 3 ^ J 3 *'- 3 j*Ej 

p s\— jj l' j- (long-styled ^jla jUjt Sale) fj vLUyi 

_yki jVinijl' jji jLaill jj£j IjAj jji jjjSj ^ejlllll jjSJj 

j£j\_—,‘^JI £4 ^jl jjij lAjjju qa 1>V' jjSiil £_pj £jJaj Q4 

^-'V' £J> ^ ja*^S tljj i*j .(JjjJI (j >ij l. jo ^ CjljL. ,^311 biili^l 

-HS- 



t: 


Jill ! ; J- ^ aJ y _7k J-all ;l__i jS/1 j_j jilj J-S.1 J.JC Jo ^lil)! UjJi 

ij 5 (male phase 3 j jSill jJI dijll >il)j ^ ,^j^a3 ^ 1 ) syconium 

y _£ 3 j>-Ji jE. C" i:. y.i -1 -* . '-.’ ~'t jUujl jjLiJj £ LsAjt L_J jl~vj 3_Lk=wdi i— lUyi 

j! 3_iaa.'i* ^ jjniJi J •‘^ujviaj j-cjJl e-lJ jj! jLaj jiil ij*-^ 

jjiJj <jjt y Cjli j=J (jjj Alskja jja 1 ^-Ijj^jj 3 j - > - i . al l ^s~ (jjjJ-il jIaj 

^a__uj (j —/ill £^jjj 4 jl^s\^v ojUJa AjjW jlji jjjlll jUk^iii ^333 .JjAklll J- 0 - 1 

.(J ji.1 jp 3ji_i£] 1-k.i.^iH pljjApAl JjJ.il! 


—3 j »1 -ft JJ$ 4 ^ O^* L)* 3 ^ jull £-Jjji ja (J£l (j^J Jj*!l ^ 

Cj_JjLljSl! 1-1 M (■_ M^J...") (JoLiJ! JJjiJl ^ jjl 4-Lol^kll •“' Mi/ilH jl& jV 1 

~j *Mi AjiijlaJI jjJiili (J£jjj -.-s. -v jji LaS . jalAl! j^Lii!! l^ill*! ojUUl 

^_tiU V jtiislLij ?-.. _viw - ^ . U (j£JlFj ^.-Jl Cjli jiill jjj-i! -lala fig ostiole 

jlaj yj ja jjkY'li Ajjiaj ^.i^j jjjjjll laLjjyl IjiA (j) • (Jj^iiU o^AaJi pl-iC-V 
jt .1 -iiaj Vj ili!ja!isJl CLlj^j CjljjJl (jj-lJJ jjiJl (jjSHi V c J^il' jj-lj (wil^oil 

jjjJ ', (Jj - i.iJ ^ - ai.i i T i 3 _jjJ 3 jii jjlaj ^£J Cj3j!\ £y> 3 -vamS 4 jjJ jjVi L * l \ u ! H 

. j.iAi JS (jllik ^ uhu jl ^liJS! aUl! jjlraouij i<Ul! jA OJJ^ 

:Orchid wasps 4»$jis^ ja^i* 

3 Jla. (_y 3 j _)V ^ jajjj l^a 3 >l&j jjjUJI ^1 jjl [_yaiLi ^yajC- £ fu Jil 

^ ^ ^ [j— a -jy\ JaLiu jjc, 0 ii; tli'i/laJl j *_iA^k ^ij (_5 Jji]l j j_jE.LaJA.yi (Jakjll 

(jij (JyaysIiljM Uftj l& JJ jj jjjll jlfti jV 1 ^ jS]j 1 -JjiXj (ji^jll 

J 4 —^ cs —Ophrys jiKll 3 juU ]\ insectorchids 3 jjii=J\ olijSjjVl ^ jaIj 

CjIjj _uJjjl l -.i»><r»J Aili j_ji Jill oU j-a Cj3a*J 

V A^Ull 




j* iiteyi bJji J-q-£ Gorytes capestris jjj-ii' jS'i ^ij (\) (T*A) j£ii 
jS (Y) Jj) Listera ovata j (JU-iJt Jj) Ophryis insectifera 

(O.lutea) ji-pS' Jp«J' (<) .(Ophrysspeculum) y> (Y) 

.1$1UI Ul tjUiPj £j \1 jjS*i iJjW j.Ul loil_S\ o'4 ! S*jj s lJl (0) 

Composcolia ciliata j jk-Ml Gorytesmystaceus iSS yJl jjjjJi 

.ji-pSl (jU Andrew maculipes JpcJlj STys f Js- 


-\o\- 




iJjV'j Aj£jjV' ttlU^S L-" ll J.g-vli A wti*i jL& jl A 1 1 Cj'A-^jjV' 

A 1 Jjj ( j__jjl (_j! CJauSj^VI-J jlAjV' oAA >-u.«m Jilj .I.l£ftj 

^ jj (J^ AillaJ (jill v doa-all jl»xi\ jjjij ^ AjuJiH A qj -v [_Ji-ajjil ^JjS lid jdi^l' 


A_:xji jj j^-!=ai o' «jV' Atil-J Asi .iJj'jJiiJI jai A-Lia- a ^1 jjl (_5-ic jlft jV' 


L>^ 


CjAH & ] .l 1"! « J (_gil'j J »tt-\l i j- 4 Aj^aLi jj£a ^)Ai. (jlc. Aj-aLiJI oj& jl' 
A_jLaC t.ljl jjSil! Aic.j .Ifriua £jljSllj l^Cjj o** 3 ^ tllljl (_ylj 

^\ __ ftlili Jj^a]' aA^j-j ^ '-- 1L i'j.' oLajibolIj ^ 15111 L_lj±a. (j. ml la ^jl jail 

jjJI— c. ^1—<^JI 1 a—a ■ pseudocopulation _£11 ^LuaJL <—W 3 ®o* jl' 

cf- ^y <J) <•' vA %jj A» lij-iil [j ji.TltlII £• jili jj£a 3 . Q ^ > <*r*>rd l 

£ji A^jij (jjl! AjSjjVl SjA jj .^jill lilUJj ^ m '>" 

.\AjjSa l I . * l rkt l5 oj^iaJl ^iijl jj^j 3 jiaC Oijll (j^ ^ (jllaJ CjljJiaJI 

sj_A j 4* i n l {j^jJadj Ajljiil AjIc. ^*1 iV~'.J c_i5l£l] ^Loadl j. <i i Sag j j 

lJijj-joJI (jjx-dlj symbiosis JalSull ^ £jj (j\ dlla J£j£j Vj ajdbJJ 

(j_^a .l^Jt-4 £*l<4aj' AjjjLujj (jju SjA jll qa ^ilia j^lc ajjiaJl (Jj-oaJ V ( > \!~^ 
(Ophrys mirror-of-venus s-i—aJI olj^ ^Aj aiSjjVi ojft j <AUj 

jj .’A JJ— Sj I g — jl j ji$— J da —uijlaJl j -k >ti i_lj_ z. Ajakj-»3I speculum) 

(ji —il O.lutea fr' j — L-oJI Alaall AiSjjij .(Scoliidae) Compososcolia ciliata 
jAa—*A —iA j' L- i ;■>« )'j .Andrena maculipes c5 J 'j—^V' J—aAl' H 

o' 0 y A ' 1 ?* - " O^ £y Lh° yAaJ AS ^jjiiaJ' AjSjjV' jlA j' 

p 

^ i Aj—— dlUjjjiil jj jL*j£JI ^AjSja]' ^ ijja*. vllljdiaJ' li> jljjlila 

Cil i jiA —jaI' j —a j'—c. ji) iL (ji—5' fly orchid —ja!' a—^jj^' <-&* 

.G my s lace us ^ j — ill Jla Gorytes pu-iadl a*Aj solitary wasps AjAjII' A^i^JI 

A A »i'*U 1 j"j"i ■ ju t jj Q ii .t. l ia I _£11 g.1 ■'■v'l ^__iSlj 

•(Tiphiidae) Thynnine 


-\ot- 




:Lepidoptera uUj yr :LoIj 


-ijj 


JUISJV 


/ 





JtjhjLall iiljiJl <r^ j£i) 
iJUjIaJl Oli SjJSjJl ^Uf 

Jj_jtJ' jt- iLuii. 


4» jLjbjVl 


1-Anu,. 


(r^ JS-i) 

a jJi _all <1 jjSjj 

Lm <■_'-v i.'tij jjilt ^ic. 

t^j di^jM c> W^y 

jiuu 

(jc l.u>ni .1 j»jB 

_Vi_^aJI Jjia AltiAj 

jlL Yo. JJ 1 


jUAjVl jj j 3 ill'—. JLw'i..iVl a- Ac. 

butterfly C;l—SAi —j ^—iij ^—ill jIa jVl ^yia A Vi Vi all 

(Phalaenophily) ol—il jili jjj—2 Uiu .psychophily ^U-i^iaU pollination 
I j- hi j .bbl ^- Crtu Jlij jjjll «dl3 ji by ^ijjj ^1 jIa jVl moth pollination 
i-il•>. a'X djLil_yi 4-<uS jjlj 111 jtjjJI jlft ji\ (^ia ullbvjVl ^hg,.a jV 

. ahj (JaSj y 


-i ar- 



Ig La L-m _c . (JrttiT) jIa jSfU A*l}1jl11 CjI j Ar».L>Vl <-l il j 1> * ja. ^ j .a\.. j <a j^&i 

3_i_hjtill jta— jaII £i \—il jl jLo Noctuidae ji o\5Ai JLs Papilionidae 

J—la Pyralidae j Cjlubill Jla Geometridae j owlet moths Ai-ajJ' tiAil jail j 
Sphingidae j A_^LSI jail Jia Arctiidae j snout moths Aaifyl jiW 

•hawk moths AyL-all c>Lil jail Jla 

jLaJj ji ^ 1->1 m JA=>.i jjl till! ojlc CllA^O J, ^jll jlA jVl 

(3 j >- 2 _jjj Aala jU j?!)U. jAvifl jjlll ji J&l ^jlc- oVaAi 

j» .5—i n i *-i Vuil l ^-ill pi jsAj AjII <Ja*u £-1111 diJ^J 

£ a AjjI -utU Ajjlgjll ClUiljillj C 1 IL 3 .I ^lij ( _ s j 11 >jbil (j jiVl A^kjVl 

jl-AjVl (j-31 CiljJLaJl oi& ^'j-v (Jajll Ig^lL ^^ill jUjVl 

ae. i \.. t l‘)J Sole- p L» jn Ij <■** A ini Jill jlA j! ^l-uc.<i (_juU1 ^£-j .Ai*jl jllj 

£jjjll ajAj (Jaa pijL^a jjfij pljJxu ili»ijl ^giill cliLSljill jlA jij jiuulil 
.1$_Ija. (jiH pbjuill AjsSaJI jc. Uja-aj jljll ( _ 3 l«u ^sll evening primrose AJJ11 

J j-v jll {3^-iajl jl 1 jl^-i ViATi <J -all CjlSAi \~>Ln*-> jiaxllj jAa. jll (J-^ 3 - 3 } 

jl jj—I sull Ajjku ^j&A-al jS-aj <Ja Kitiil ^Hl djLiljlll (Ja»V Ip Lai* jla*llj 

?AE/Ltll o AA p ji£j AoSoSi 1 jjjL^aj 1 

Aii^iSjaJl Aaj —Aadl t i l l . -a 1 lol l jaSi ^ {JSjuJ AjjSu-ial! CjLiiljill j » »J 

u _11 SjA j j* AiiLijj Ac.Jjlll ji pLu^ll AaLSj (^jAj ojIj) Aaa^Vl 

_a3 plj^ij (jj jilj jli ’ f ‘> (jlc fljlc. Cj\j11j411 iaJgJ Vj -(J^l 

Jajj^ 11 jSl—A j ajl - C. oAj ja jjc. jUb jSfl jV j& i. 1, i~> ill oAi*»a 

jl—9 lil .(Ja*j3' 3a jjjj (jjll jU jVl LaS &jSjw cj! ja4j landing platforms 
^ If- jjljjlS AfcdUk llllaji Jjjju jSdj .iaB CS^ VJ (_5^£ V tliLdll jill 

jl j J! i_£>l—=a (j_p^ Ajliic. jl ^s. Jjuaao olil jill ji Oenothera jIa ji 

<. 'J la. Vi1»n1 Laiic. Aji (JLu& aJ ja.jpll Aj» ulall Aill jOjA jJjSll 

Aid ClLiljlll 1~ 3 jil fi Aui^i Li>L 1 jlLli Jj^jll OljiaS (jic. ^lilll 


-^Ot- 



A_3 £-Ulll -«S *5/ ill CjI^xxII (_w»; fjl >tjJa 4j (AjS>j . -jL^^u'- 

LtiSj .(jyjkll Jx. A :.L.>ij •i-pljx- jl y> J jj-i-tA'i 'wjiiiLliLj.' j jj£j 

:<ic- 4-aj^V* cll^_ii ^^TJi aALsVi 


^Orchids cAaJijjji - ) 


•ol-jUil! ( jl-o mutalistic AjIbISj cAaix. ^ALii diLlljill 

Q—a f.1-— Lcp Cjl_jJLaJ) (Jwxajj LaAjj <Aj!lLa]| c 'uiil ljjjjj ‘ '• -~ i ~-J CAiilli 

(3 4C.J a- (J1 j LI QJj llAIabijl d)li&J . ‘U-JjL’frj jlA jVl 

ji Al&Xo 2-J—iSjji <ji U l , Jjj u) .Cjlja£jjVt (j-a C-X jlAjVl 


i>—“-if * a-alc- tj-ijoj floral spurs 2 jja j Jj-oL-o Oil j Angraecum sesquipedale 
(Sphingidae) Xanthopan morgam 2—jDL*jl 3Ja*Jjj -Jitj Jjidi 

Jila jIj 2_Ail jill J-eaj jl o^yj Ji- 3 ° j*- £-ix preadicia 


^jV-iV m~i V £iiaSljj JuSjjVl ^Slj 



'jA jil j £Sj iic-j jJl jxal^all 

■ db v 1—1 

4ujijpL ^yi (ji 

(Jjl-waJ V ijijllj Jliitj jAatikl Cj\j 

2al l CjIa—j£>( j c (ji»j Aaj 

A-5AA.C a J) j AaiLajill 4 lVi» ^1 1 

. * JS-„- A| j 4_xiLoli Ol j A--»AU A a A j 

Ci^J$-N A_aAjjS’t alLJj 2_L : i ,j-a j 

jU j^l ^-lal -pyramidal orchid 


LiijJ 0) (i . JSLi.) 

* 

U^Jl liUoill \^-i>jA Zygaena 
,»j£a U^Jl (T) tyjbj*: 


aa- 



1 $jac.U qa jii Ljikj »iai» club-shaped pollinia jS-iil *#j-»-» jrljJ ^ 

<-j— ja. *kJjy f.lj$J' j* j-aI aa • vicidium (j^-y < 3 *^V (j^ji ^ 

'Luo. Aic.j jjjill (r J^ 1 * jjaJUI (j- 3 jill JLj aaIjj .bursicle 
^-- Ig- !l|»J *“15111 (jp-ja Ja&jI *j\ji j^a jL_JJl <J jy>. v. . ill} **51 jill jl**I 2ja*J_»J 
JA\ jl (T jj 2-51 jill jbJ ^ic jaUij jSj .(Burnet moths ^ L*S) 2*51 jill jl-J 

t- t -1 ^jk'i-*2 V viua 2 a.I jl! j*i AjShlL 2*51 jill jjjUSj .^ISlll <-—>_>y-a. (ja 

(3_*^di3 jl jjJ Lg .^-Vil (j jil SjA j ^ *L#\£ jLalll Jlaj] ^Sa jl *a>l jil 1^ 'i l-ul 

.^51ill fiji SAjA^i) SjA jil f*y*j 

tYucca flower Ifyll 5 jA j ~Y 

j_A CjIjUiJI jIa jV (5 j 1 j*5all ^4 X^iulaII jtjiljll (ji ttjlSJ 2 £uVl JjSl j* 

u_Sjll 2__^lji (_J.—A ftJJ » ■ — ft!_- ><V.I 2*5lji ji) *plc. Jjjill ^jV^-yi *DU1I 

usi dL-iUi ^ ja> .l£Jl jl ^UwVl jaiaJI dililj Tegeticula yuccasella 
cA jil (jiiii ^gij *i;l >« ll 2*51 jilU laii ^Sij (jAj 2jS j* 5JI Jl^JI ^la a^jj 2y£jj-«l 
j—«jj (j *1, 11 CjIaiII Iaa #jA j (Jrfajf* aAau 2-5ljill sAA ili\5jjl Ajajll frlAoll 
#J—Aj jV 1 j- kjj .2*51jill (jixul jjla-sll j&-l! Jji g^l-3) fc*4jj 

2__*5ljill aA J> * h — x ljj i^jUill jIa j! ^jlh jli 111 Ijji Oja3 *alL» JJ*1! IS^ll 
2 U — lAji ISjl tliUl ^jUj ^A£> £ajjj .oluil oljaj CiU^yll alpj 1 Aa \J jjj*ia 

t.n.i.Un^j vaselike style JS^l lsjaj tijliVl jl >V 1 i jlljn jJ^Jl 

^jl , *m AkA \£yll *-lil jilj .ujL^i,yi tT; J *jalli *jliq ^*1101 UjfA. jl 

u_Jl ujjjai **51 jill fki ftl j>l .**51 jill jli**a Sl^a.j tliliill jIa jl ^jIIj <Uc. 
(jl-Juj Y j ^1 —»1 11 ^aal laSj ^Aaawj curved tentacles 5 j \ ^ \ » l * A m\J 

5 Ajffl <jLll jill djUJ jj jj jl jjfl tyjsc .ijjLrfii 111 ijjYJayi jjia Cil*5l jil' 
jlj__il! ft! -ill 2*11 jiH 1 1 1 ^ 4*1 j jj^LjjSJl (jiiuYl jjlll Oli aj^JiSll VS^jI jIa jl JaUliH 
2__jjSjll ol— l^dS/I ^ - 5jVl (t ' (JSjl) *illjill jltaTi ^Uall JjU Atej 0 jA jil (JilA 
dl 1*11 (jA <^k. jill j-lSlll Jaalil <Cl-Ju 1I ^ill c.1 j>! - (*^*(^1^ SjA jl! 




^lilll 1_J y£. 5jftjll ^ t —-j &L*J t-Ul 


l^_Miij t*i. Vi ObjSlI aiA 4jilj>ill .aj jw > o diLj^S Jj IglSjijj 

3__i£!jil1 (_j^aaijj jil SjA j j^JJ JjIjJJ ^x*UV) J l$-»3 *1 JaJ o^cluiAi 

^ ■ >■"<j jj;" ^a^-ij 2jl S-lelwuu 4 j£j i-bulia 4*i Wj I jlj AjjIj]! o^^ll Q^aiia 


_, dV ~ 


^ 5 Aj—{_>a'— iijyi JSjill (_fjjjVl jjJatll Adaxu 

3 ai& 3uil jill j_)Suj -( t ^ gjSlSU ^i»S ^Uilll 4-ljJAk. <^AjjSLl j * ' 1 

^ > >»j t_J__—13 ji.T CjLj (j-ll (Jajju 3_iil^ill ji tlsxvj .(J'ji.i jUji £-a Cjl J-a Sic- 

j! j —si j—JJ jJj£ (_gj !jj £jja 111 (_$ji.i jlA ji £ijiiSj jj£j ^tsUl 

£■ j_£11 AAkljjj jlj •cross-pollination ^V-il-sll ^jsIjII 3jLac. l£Jl iJlilaj 

j j'--> ni t £j-bj 4jlaC jjSj oAjil jll .B_jA jll (j)iSj 4-ijjl^ill 1 / 1 -> ll lil ^1JjH 

^ 3j .DJ& j (J£ U ^ 1 - 1 .'^ jl&i ji ^*3yj £j-laj i*m-> jlft jVl iy> jac ^ j 

Iajjj (j>iull qa CjIsjJI (JaJLSj jjiill jjjSlj j-a iIjLd<3Jjj11 AjS Iaju (_£Alt OIjSjII 
*J.'^* ^11^ (jc. LiijJ JjAlji (JS t i ll^'l 1)1*1 V (j&lj ^Lolil! JjAjll (_gic. AjAiull 

jaj (JLojSl Ait .p'Ax 11 Ajil^jill (Ajls jj a^V*^* Loa jj£t AlAeljj Aj^jH (j^l-jl 

~ • ^ r ‘j .pi jixS pliiill ^.)J-l<w !*»->, Aj_pll [Jijjj Sjjull t_£Ac. ^5jjll 

3 1 -.1 Ol 1 L 1 I jjii-kil £jjik tiiAauj .AlliLill ^_2 j.^Vij 1 <jU PjA jl 4 .ajL)i 11 JjAjll 
jjLdjJal CjI jiui ^pa A^l^juajpull ^jC- 4^-jlA3i 

(j _S tllAaj (_s3llj jIa jV 1 l£di Cjlulli CjLiSj pllAa. lij Igjjjjic. jA {JaixJ o!aj». 

<*il fill ,jii obligate association c5j4^V' MujV' ^ ^=^hj .CiI^lJI (>aju 

p I j_ill di_a^l (_>)iij j^j.3 i ~i l jil l jSjjj jjiJl ^lijl tliiiili ftjj-i-Vl J 3_Jjl jillj 

^ 1C. L jK 1 jLojcI AaLij (Jjlull j a QA !iis J JiaiLi . 0 j.ti-kil oUjJ tS J^l'J 

^ ■■■'> jjlSiil cjli-a 1 JA j . dSilA (jj*J Cjlaill ji ajiu-Jl qa (_£ 1 al» limlj . ja.Vl 

I 

V ^1 si l-j j -j j J 3—Jj! jill cJs*j (J* lS^ 11 still (JlilA inc. ^jc. u.Ki 

^1_sill 4-1 '—jUj^I tllUi!J>il1 ii.1 (JS*J (,1 a $ 'sliwa 4l cillj j lie- 

1_Aljlic. (JA CjLSI jjll (Jiu Jij S'jjlalllj 4li>£i cilljl jjL liaC ojAjll ^stj 

(jl ¥pljJj^lj jjjlaJlj “Uj^a Cjli OUI sIa^.j lAjU))i oLus. (jLuJa] cljl^lui cIaAj jiZ- 

a J JJ Vii 1 $^ t _5-lo j (Ji-alij A./i V aj.t.-vll J CjUII jjj 1 Aik 4JjSa11 AiXJl 

oAj 1 4 _ J —^jl tj o j . (jAU^lll plisll ji ujj-all ^jixJ l& JjAaj ajiti-kll jl o^jIaj ClUill 

jl lflU»~i —du (ji (jjA (j j—iki «-4 SjA j (j-a cUUil ejLa 4d)|Ijs31 ^au ji a j>d t» J1 

. uAll jA . ijlLSjl A^ljll Jjt 1 a jla-u n 1( jlrt»"n ii j 


-> flA— 



:Diptera CjLIIo :Ultj 



fly <_j' _Jill £—Jiij tba—aj 

a -jlc. £ ... Uaj ^ i—IIj pollination 

<~J —jI'I jjj—j I—«aic. mvophily 

<_J_ji Jfio L_lbiil l_jji (jiuu (ji 

( i Y JS-Syrphidae u-dj—-d' 

(J., j<U <C ISIM *—(_ylc- LvxbJ 

jjii jV ijUiii i jU jVi 


Rhingia j-Jl (i Y J5li) 

<y (>r —(—U* campestris 

' j«bai s^jh 

1—4 aj'., r.j Ajj3 4aj1j Olj (jSlj (J J^-Vl Cll jib a jb ^Sj jjlil jli jVl (ja bbi. (Js! 

<bl..j,lij la 1 4allail) a all jib »(ja jy^ i—iba]i -ij La Sale.j 

Jj b <_ibill Aallaali o^)3_yll cdlj ‘Ajlc .IftlinJ Vj ^Joi.l4 _jac. 

A _ A _alii QA ^LSj .Obbill (ja jjj£I bobk Cj la l L t "til ^yiaj j>L*II 

Nematocera a -ij iiia^ ^ .anthophilous species jLa jbtl k^ Ul^il ^^ 

<.ii\ .ajlbiil jji I a£ .j\—aj^LI <*ji—Ju CjIj— ll j bibionids —ilj <jiijc.b}l Jiiij 

(Ceratopogonidae) u* -i>U a —«jU!I gd j— iS’l a —i-aU. (predatory midges) 

t _j_j bac Ji^i\ CibiiLiil i>jlj . jlSLSil jla jS? 4aiuLui! tjbkSL jiu Forctpomyia 
a —4=^» 1—cljjl JaVl jjic. SJjlc. Y i L^j Brachycera ku j 

Bombyliidae, Syrphidae, cDLSLc- lisa. Aijjn-dl i_jbill . jIa jhu 

•Psychodidae, Tephritidae, Tachinidae, Calliphoridae, Chironomidae 


-^os- 



:Psychodidae AL*te - 1 


•sand flies J—*jl' s->l—pj moth flies u »S1 jail ujbill A1SI*11 ij j=j 

4-. CjLil jill AjjSj jjjc. j*di Cj! j Sale 1.1a. Aai§.a Jl 5jj«j-a Alilxli .lljii 

o-ll—all iPllSjjfl .ialjjj . Ajlajll AlllLal l (jJaliall jl aLiall ^_9 aLjI£J| | “*l jdlaJI 

Ij & L jLuojyI j jLiJa JJC. AIM <11 jljll *1 a« » .jjlallj uiIUJUll j AllaJ-all Ajjlpll 

• CiLlljall (jjdl ciUill U& l'iag j .J. j!l i_ilp 


iPlljlli J JAU^ La jUjbU (_J Lilli ^rAti J SjjlLaII (jjlail Qjt 

cuckoo -—II <pl—A 4—(j. -JJa j csjllj (Arum maculatum) AjjJI 
jij spadix Ada ciflsy JjL <> CiUll <jj* jll t jadl (jjSl} 

A-^ J t al l ClljJ*—>All j - n Aida Jc-V llllsyi jIa jVl Aio Jiuill j^Jl Jt 

A-ilA jl^ j'- 1 <3^ I^4 SjSAaII jIa jVl (ja Alda cilia jlxj jJiuiV Ajja-iall 

jj—111 {j — i l j^jl ( -vv > jun (. jrc l jiiJ Liaj! (JluSi AaSjJill d)1 jj< Jill Ja 



tfjll' OLJ J frjJrt(l) :(£ Y* j£i) 

A^uJl jlAjSfi oy jf JA fjs: (Y) 

.^UJJi tjr* SjJJ-1 jUP^.1 Jj (i) jtAjSU bJUi a^OJi (T) 


-11.- 





3—Sjfc J „>b jIa j^l iwiLu «a 1I j jlA-}Vl <-^3 

t jj-jut iSjkj 11 jjak^ll (j* j^lcl O* AHx*4 Ajj!_jliuil 

f j — - J LaS (jjo aatualJ) e, jail <■ a1*^*) Ale .(-iiljall -AaJ qa Lai i_ja» 

jal L«jj grUal jjSii! jIa J^fl Laiu tliUy! jlA jVl jj^J ^LuJI t «n-i jii 

i a ■ » nj 4f j\ill ^jSIjJI JJiil ^Ia Iaaj .l^lil ^ iji-v (je t aA^i j IAjaj jujl 

—“*!' <-*—»-ajU (Jfi (jjkjft jj(4 »A ■ W'yiU p £yi <*|» 111 iCAiiH 

1—AjaI ^.. "ijl jal Lajj ^llal jjSili jIa jVl \rt‘ni AajJaU tiiliyi jLa j $\ <jj£j 
• alii iill t-i jluij (_$ill jjjlili plijjl JjJSiJ ^Ia IaAj .l^alll (je <—LlSuj 

_aj 4iie AajIj CjSjII lAA (ji jA jft jja-«Sl <^9 ^ajwaoafl e jaJl qa (li a . ilj 


(_iA_ 


kl alii^jilaj jjoislliJi QA3ju (_Jla 4js«JI aIj^H ^9 ^j2 ^lll aliijl. - JI 

3- xiIa Moth flies —lb cAll jil! 4 jJu ujLuII ^ ^Iji! ^Malia 

i— jjJbj jlAjVl £tf J] jljlj PSychoda 

jl—A jVl »j u _i ^u»jiv.4 (llljjiall (Jfauj 4~kVi*« ^ajsjj ^jA jll jjauall 

A . 4 f -Lill K, jli ijJI Sjaall jl-la jLfi ^jWiml V aja aliUyi jlA jVl O'* <_jjilb 

jl—AjVl t> Vja^ ^J^l JLij .(JL-V V^u\) esnyiVl AfleJ J] 

l .i—*l ..,.,-jSbB ^Ji9 jlAjVl QA »J jla. (J1L» ^le A*jj diUyi 

^li«a C^S *Lf^ jl*J t> 6* 

Jia—jjj J —A jVl SJ—?Jk olji-A. a « >3 j ij —A jll J-jjSj ojSjuil jUjVl 

L-AAj»juj pL_uS (j—ij Ml) ^Jl (ji (1111 au9 AjjjljUI 

j\ 2-i'j aj S.‘~ull j\_AjVl (3—« A—iUaMil ^l—illl <_j_yp. Ig4.n.-Vj ^^Ic-V 

j! <urii ^ n'*i 3 j a jn_,.v%Tii I *jlai 3 (_j jA,i o jA j (je UaU 

.(jjlill CjL lll ^ u i-ilaJI ^JUll 


-111- 




:Syrphidae < 131 * ~ T 

ojl_ a jaUIu jla jbU 1 ijbj 


A -Sr r 









4-Lc JjSSJl 4-lJL: (“i 2 ^ 9* 3 

(J__aj 4-JjgLj )!' J {_J^J 

. Jjjl_4ju£j (jJonJl J (JiolJI 

(jj 3 —*J (J _ 3 fll£t -k.rtll £tli-aJ .iSj 

fjj _£j J3j . jhill 41aV 

_iLJl i. i\ . ij]l p . ftl jai 

fj-< »'< _)jjj Ijjl ^c.^3 ’ 

(s _i 2^A -Aa (^j J^A jVl J=^j 

c^m ^ JJJ2 l*i V] JaOll dlb 
4_3 Ij 1 jl iS —lc. 

V 3*n ■■■ (Jijj_la lluu ^EaJ! 

Ja_i!u (J_-kill tJ ^>J fji 


oiy^i *3^ : (* * j£i) 



u _j\ 4ilwayb (^Ic 4ijl*J <_i^lj Liji (JajJI Jj« 4 ^Lili j 

'*'1 M : \H _j 3 _^&jj ^-al& OL%sL» i—lbill JliJjj 1^1 • (3^ 

_c.1 jjl I j-uS (j*i3j*ii]l OlSjj <—aijaj .^lill pUui 

.^cLoia.'yi Jajji 


■ wr- 



: Bombyliidae -T 


^jl—*£11 f — J?\ IAa Jjjj bee flies <—iLjaIIj 31iUJi jjl ^c. (jUxj 

i ' 

a ^£o ^3 (J^ill l^££ 4-iiiL) t_jLiiH \h& ^jl ( ^_ic. 1 



I-JSL_i) 

Poecilanthrax autunuialis 


<_jl Lj jjjS *UjUil -1 jil ^iaa n 




- ^ \ 

S*1 Cilj (jiaLi-ill ^ A*jL£ 


jj— iu -slender probocis 3 —*jSjj 

J__Sl Ijjl J.114 jSlj ^UU l* tl~-.il>> 

* 

^_1c 4 jj _Mill jn. ikll l—ijjla tliaa 11-1 -*« 

A—llUll till—S jj (*.—axx . jJlSj-—idl 
_A. .-klXall tlil—^ijU oil L. ... Qil-ij .tliLLik 


<Us_uijx. till- Sjj till_ 3 jail ( v^lg .i 

_JJJ l. _-vKVI Aail .tir.j k- -P.AC.J 

. ( » ”1 jilLixJ! till la Uni 


gdj—iVl oj—6 U— 4 (*M ( _ 5 jL1) ^1-liII t-lliiH ^Ijil j-a jjjSII (_Ji -la-jj 
2jtj —mi (Jsmmi US £-1 ji! aSIj (Jauui Amictus t>j Acanthogeron separatus 
j—&j Barborus i_y >. v>U £jI_j J—alj Anastoechus <j*u=Jl ^1 jii 

ox^tj ijill B.modestus JU Bombylius a*juu cJa-wj B.niloticus 

a ->lj jj (3° 1 *jj£j B.ater j AaajiH j» ^» r' ■ -** t_il^i]l 

4_iuIj g'ljjl ^fui Ljaji jt-txa ^ Axjj C.aegyptiaca (jia Conophorus juiail £ila 
Efjlatounia £atj £jij Dischistus jubJl jUila jlc. jij Cytherae juiail 
Geron ouxll <>> £-1 jil ax^jj Empidideicus j Empis c>illa.Vl j-a <JS ^ £jij 


-nr- 




&j~~i Jail ,_^S J^-wLa OLij O* : ( * 1 J^*) 

,JsxJl ^wlA O'iSji yip ^iuJt £_&J IgJsi olPliJub 

.^jSl. jn^aijj C^ 1 J 3, u^ - * ulL - J - cSuJt (►—i-' Of ■k»- , )l 

3 Mariobezzia j Leichenum j Legnotomyia oil_i&.Vl oi J£ yi £■ ji j 

—«j Cfa/a o — i=^l yi <j^jj Toxophora o^'j Systoechus 
Exoprosopa subgenus Uaj yi ykj)\ ubill jji y]) jlc.jj 

4__aUJl £ J jJI yi tdljj Exhyalcmihrax irroratus Dejilippia near minos 

0 —>»J ■'*■—y 3 0* ^~'~ 1,i " <_S„>J1 (Jajll ^I^Aj <L-3 dll jj <ujill y^i±a 

j) j > J n *ylj Cllj^fall J*ij Ijjj£ UJjjh 4iiLw5i ^liu jiLic. jl 

-4^1jj ^L.".i\‘)jjll o» (JS yi olLScL 


-\M- 




jpJJt jA inks { js> U* 2ya-[ f . » 


Calliphoridae <lil© -t 

\ajaC. <Ajlxll (jlii) 

u-i L_>Lillj blow flies s J bij 

_jla jjSI jl L_jLii\ |>v\ 

ji Jl jrO jjjl tllli QA IjJLlS 

blow flies —11 j&x A oj$ 

jl j——J lj ^ajll (jlc. OLoulS 

* 

(_jju3j 3frjlui.aH ^1 j/dlj j-^y I 

< ' *»•'■.'* 


CLa^ao. >ul iiL. Al qa ^>1 4juali l_uS1 jj ujLill 

*> '"~- 3jjju« (JjLiij Jiuala-a £ejSti ^ lllljiuJj jljsi qa Ailix-* 

ClIjjL *&A l^lli....>aj1 (j& £CJJJJ jlAjVl Jl t _ brt Ti l$i1 C-UmU (illlj . jjjull ^laij 

.(4V l^I) vL-^V i>*#c 

:Tephritidae, Tachinidae, Chironomidae, Tabanidae Cti ■ Up - a 
ti**)V — mlj^ll (jSlj _j1a jVl (jlc. OlAjU! aJgl AxjbJI 3bKU Cj\^uLaJ1 jj 
■IcL m«« 1 1 Utl l$j 1 fjjajfiklj .L ajAC. Ajjl& _jlA jl tT.ll<i*^ jjc. 3 t. ^i^\l 

fji Jaii 

ji Bombyliidae, Syrphidae oDUUJl <_A^ UjjJj ^ jU jVl Jj-u 
t*i ..i"> ^Sjl* JiP- l^A (j^J ^lj . Ijt ula Jajll (^311 jlAjfyl fcflii £-a <jL£jj 

(jja—JU ( _ s ___3j AjkSjLti ol£La_* (J jjaj <-jb. 'l ll 1 JxZjaaa ^15 J 

t"'! tai -)1 jj—blli »l . niff, (jiajpij lil . (Jaull diljni^l j j-a jjLja,Vl 

'J t<" 4ji£!i t-'lj.-'-H (iUj jjLj < Ailajj -t-' , ^j.^Il dlij qa dij^Luj 

i-jJj \aa j .IaIjoJ j] jjJ l ^ g. ; >u > till fut liSA dilii. 


-no- 


^ ^ 1 4_ljtcr T* • ^yA ^X jy \\a 4 j * -y * tilljA J ^1— 

J_a 4 _olie Jc. J»- n-vj ( xaJll v-_lljj f iha,o <ji LoS . jUjV' j^lc- 3 jA£j 3 I (ji (ji*A 


_II 3 Plant sap ^1-f^ll <—ijjll 3 4_jiJ ji^l aljAlIj j»a^1I Jja lSj- ^ - ^ a 

i il_ia <r. jA^-a t. ecs JaJI 4ajij ^all >_iUallj Colioia j tj^-ill 

4 all i__ia_a-U (_jall jIa jVl ^ic. (jilajj Ia jj^jj ^all jlft jVl LaIjJ ^*> . 11 1 

4 _gjj£ <-xilj Colij (jjUl <jAU Sale. jUjVl -fly flower SjIjaII jIa Jl ^fiyaxi4 

ij 4_2jlj Cola jIa j! ttllj^J .i_oLall (j-bao £Caj (jSLal Ji £$1 ja j^UC Sale 


^'1 ■•■yt jljJ-fl AaJSlj 4 jlCj iajlj Cola jli jl Aa.jJj (JLCaII ^adll ^olj (j* 

V deceit flowers 3eal=JI jU jVl oaa Jla .liLuJI Cojj Jja *Latl j Cola Aallij 



Aft* Stigmodera sp. (t A 

i^lcli a j£j Buprestidae 

Leptospermum 


-t ll v>t\ 3 tfl 


* 

Coleoptera <bCs-Vf Ljbcoi ‘.bulj 

3 ->■ oa.Vl CoL-Uac. "4 _iaaI 

• ■* •• 

A_jaa1 (J jj*aa ^jJc- Ciuul ColaiLaS 

2 -xql/il l ^vi-vV l cAjjIjjj ColiLa_3^i 

Sa_ jac. (Jliitl a^jj (j£Jj 

I—jla^.1 l$J a^i ji* jVl jjJ5 

^jjliill ^l^iVl (3^ 


J^-llajj ^ £ A (JS, ^ JL 3 S 2 

£ fjj&\ —iiil \& (^5^ 

jl —a J tilla ^—aj Cantharophily 


ji —a jV'j <_>^l—Lklli I—a^a£. ^—it j jjllj California poppy j magnolia —I' 
I g 4 __ £ — dl jIa jVl ijjSj La Sale .*_Ajall JjaIIjj (juaUiJI sja^u Ax-aliJI 
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JS—w Cjljj Sil—ij jjlll <SaIj j\ pL^uj Beetle-pollinated flowers 

(J—(j—« _jl ftijVl _iiil jjjj »{£A (J£L5^ ^IVi'k jl jjijjUa 

(3—I'll gju ill jt-lVamJ .13 (_y^x >11 (jl ^C_) gtiUI <—1 (^lc- j 

4_^1UI *_ i»_jV51J ( xill pi jza.! /y* 4_ias_i> ^p^jl loll jj_j£j La Sllcj (Jjbilll (J,j t.4l 

3—iPi-o 1_cl^jl (_g y VT; jjill Cj^lc. 4Jjlc I *\ jasJ .IAjIa jV 

IcjjuS jjSLV' di^UlI j athophilous jIa jbU 
:Cantharidae 4Ulfi’ 

Cilj ^ LjaJ (jsi* ill j Cali jaS oL»ij3i<a soldier beetles —H gd^al 

jj_£jj !j ! _Sill (_j j) i-> jjlc. Ljaa! LL:L£ll c"il j.lx i l qju jjj£ (j£lj a1pI£ 

. jIa jbU l$j jLj 


fesl 


:MeIoidae 4 -ULfr -V 

jil-iic.i ^ CjUkaia blister beetles ^51jaJI ^uiLiiJI ^1 _jji cjlijj 

^ jaJ LA (_$.'l—».'l 3 £Jj _JipJl Jaliij ^yaAJ ^taxjllj 

.^lill! ^Jc. Aiplill L»l'j^Ut 

4_ jujll (jji2l_iijl Lblc. jljil ^jisjoj 

(j—a (jj^jil jj^aL^alaV pl_)=J 

VjJjSlI olj (£*1 jIa jVl 

*m ^,1^ ..ill tdj-Sill Jiaj dllcw 4.‘)j«»jl ^5 j. ^att 

j g vl 4—sis jfL» Jb-JJJ4 <_J-)jii (jjSd ^Labu 

/ 8 ^ V jj—Slj JiuJI cd_j^alLa 4s%l<ill elil jjajilU 

k I K /J; (_j_3 LaS o4A jji (jiaj 

, R . CiLi! jill ^3 pl jsS 4j t.. (^jII j»^lajidl 


4juU p L »te»- ^ pl^-i :(£ S J^-i) 
j/’Utu'i ibs_^> Nemognatha 
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:Cleridae ililc. -Y 


checkerred beetles jU jSfl jjJj ‘LL&ll LjjI j-bs. ^1 ^IjjV' < ~ J ^Jd 

Ol—ujiio 4lalfUl CjI j.t.r. 1 1 ^pa*J UjuJj jjA:.ll)j J^iil jSldcl ^-9 4 jljslra L-iUil 

.^•liiil (jii jUd? 3 ^’’ 


‘■Buprestidae Ailte -i 

3 jjAaall 4.Ll£ll dll j ui**! ! j .(_jdill J£lj jajjjll 4.lalsxall diLSbill dliJjJ 

. jl&jVl oJlc JIALuUj ^151 L-Jj^s. dlUiii* jjlll 

sCerambycidae ~° 


3_LjUlt (jjj—Sll dili (jiisUiJI -Buprestidae 3A11& Jb ^IjUJI aljai 

.^ULl i_ijj^ (jlc ^XalSJl ol j L n-.U j '' jiLij olijifi ■ -'1 jjia.1 diLiu 

«_ii— s-j j • jaal-1-iLiil ^3ij angiosperms —51 £• 1 jjI j-a jac Laj-ac 

(j_aj ■** j) JUi jjc. L^jil jjAj ULJ l^jUSia jj-alidil jl& jl 


_aSj . jLaill jl (Jjljall 4 ^jIj ji a 4_-d l ^ dllj _jl& j^/1 jj£j La ^* 1 nil ! 

jl -Lalx. dlbiida jl& ji\ ^S1j (^lll jjoSljiJl i_jLa 11 g-1 jjl J* JJj£ JUJi 


U— 0 


* 

_ilic . I-ra -a (_3-wi~^*a LaJjj .“LjjA jll 4jA«jil -Uh ji ji& 


-f^-ajllj 4j jl jJl .lljallj (jljjVlj A^£lill (_jLa (_Jji.1 jlb-oi 

O'-jj Ti-wd l (j>ixi,llj -UjjJj (^311 jUjVl (j-ilii. ji jd£ 

j.‘-i ...aJ ^a IgdaAUii (jl V) jIaJ^Li Ifrj.jiVt JUu^l (ja ^CjlLi lil .AlalS Ajjii jll 

oli dil ^5LaS (jjisliaJb 4ijji) <Luall oli jIa jVlj .aLIs jj£& a3 jIa jVl jjl 
jJ_ a ^gi jj£j ^-u^. flower chamber 3 jja jll Aijill di=-j Iaj^ Aj^jiia q^A.\a 


■ t j,'^\A.ll f^A 


dl jT (j-a ^dajj (jjSl j (jjiSliiiLl jIa jVl A^lc. ajAall <£LoVl ^j-aj 

SjA j ^jSIu AJojj jJl Scarabaeidae <lil>tl ^ajlill JUj.ll ^Ijjl as-1 ^aiJI jlUJl 
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e.L*ukl1 ^ 5 jk jll aiA (Victoria regina) ujj^' ^ giant water lily —S' 

jl-A jVl (_3_lij I_a jlfi^joij 1-lJJj l&jlC’ K 1 ^ {j'JtaJi 

.{Jj>3^ I%il oiA A_ljij lllJTii ^jiloll ^ jjl C- b .-.xl 14 J^ I^y ua_)J 

lj—& je ^jjjj jlAjjU 4jliO.}3t cljj*Vl ^uaJI e_p3 eblii ^ 

U^<J I_J I-ajb-aii Ax jj iJjjl^jliJ! _}jjAa jl&jVl j^’tJ (s^-J jlAjVl ^slj JaUiill 

.aj^c. <■, 'WV|J lg.ii Jn jit qa ^jhalnll cl ja-Vl j>Vi^ SjA jll aJC.15 ^ j*l 

0 


Flower-visiting non-pollinators 

J —ajbua_ l-yrtll ‘ J 'tj ■ *-*'! (j_a _JJU 3_ale. A. iw -11 (J—oil! 

(ill—iA j .U jjji (^jII obbjll gZL ji jAjj jilj (anthophilous) flower-loving 

0 

j_Ai-aJJ .JaiilU (JllbLiill £?asij 3 jAj — la>» j^La*3 L<Uj _ jtLi^jlij 

j—j-OTkJ 4 'll (kfiJJ “tae-oV 4^at taxij ^vaxll jj«na ailej j^Lu V (J-ojll jl ^JjVl 
j —a dllii jl VI QgSlill ^lfc> lift j AxljJl C lb-ill ^ic. <ja*J! AJabaj 

_Sill (—1J JCv j ..,—. I /Till V LaS £*1 a<J!j tiliall 4-uiaj-a li‘>.*ij <jV (J^lx^all jJC. 

metapleural 4—jjjidl ai*J! ol jljal ji ^jjlajll jaj^ulj .AJjg ai 4-^L^L 
L t ii jl \ g t£ . <u IjjjSJIj CAj_paa3i j Aafiuj ^ » i> 1 1 jlix ^Ic. jjilu glands 
C)l—j^jil^Aa illl 'Lull (jlsuul jl LiS . IgjLilj Sjjjx, J^lc. jj jj ji 

(J .<iill <■ ' -xlj ^ibkJl 3 jlaJl CiUjjII ^ 3j_ali, (JLibliilt j<a jJ5 jSJj (jaill Jjlii 

• m 

.IgjxSlj jji LiU IjjJ 


0 

Non-insect pollinators j*xJ1 OUuLoJf :LoL> 

-q ^11 j<a <ji ''yj lg e.1 j’iI.i CiL-klbll 4-alc. oj^Li ikli 

jL-A jVl ^-illj cJa*J (jill lS j^^l tlllil_jAiJl ^ic. jla^yl oJjii ojSa Ail 

<—ii j —>iail j—Aj i-ilj-dl g- y^ajM jc Uj*j j»c-j other animals as pollinators 

. jU jiU A^sUl 
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_d Jjli (jilj .CjljUill (ji»j fj& -aS slugs CilSjoflj snails 

_S ojl _ _ > jttI I S(^lalidfl ^^Ic. (jtijJ ObjSsVt clUu £j2jU jd3 ditsliifl 

U _9 jajj .U-a !i?k 4jjllla aj.j1S jjjSj La ajlc. lllbLjfl dljj Jla . j\a jjl (Jw djliill 

di—S aEj>1 ijF- lilldBj ^uiLaII jj& Vj .4Jbj!l (jSLaVl ^LJI 


bJj'x. Philodendron pinnalifiJum Oluj Lemnaceae <ljtc Lemna sp. dibUH 
•Liliaceae 3]Jl*U julil! Rohdea japanica dibjj Araceae 



jlftjSU ibxaiL jjdah ( 9 • J_Sbi ) 


Birds J J ( j'<n « J ctiliA, 

(Jjj-*JJ JJJJ 

ji 3 —jja jl! 5-1 3 ?.Vlj t£p.jN 
ftlulj . jUjVl JJJJ <^11 
_jj— iLal! qx JJjS (J-aau a a JA 
fcdl lA {jl j£jj .jIaj^U 

ts—l> £jj * * * * 

dlljl_ iji jkj_5 j 3JjIe- o • 

. jlAj^U Lyjii 3^aJaii<a 


(J_S jt ^ V»» -d {^9 jIa jS/l { N ji & « 1 a3»J 3 ■ ^ ^ A. * ^ jjdall aAA 

{_jjl—fill jt (jl ilall Jjl Ul Alawljj 3 jjj 11 jlA jVl qa AjJC <iSU$3 

j>U Zenaida asiatica meamsii ^aa.V> jjUJI jl j£3j hummingbirds 

j—* jAj (Camegiaae gigantea) Saguaro cactus —II djLi ^ jj>*j 

J—iS {j—* -ia—LoSj .3iiWl CjIjIjS qa Ujjc-j Cactaceae 3JSU ^jIj jUj-q]I 
3*diS?l ( jd$«3 (jSj L» Cjl^jbkil 4£jjj 'l _j.aa.Vl (j_jlil dilj jIa_}VI 
{jj 3j Sabk. 3 jj*-oj di\j^a jjillj . jjdUl 3Jaiy)l_jj sjle. ^ iJj <jjill 

j >jVl (jlj (jbdjyi IaIjj (jjll jlj6u 3$jl»2id jljlVl (j-a 

jl — AjVlj j-d^Vlj jWjVl j _jl2i I 3 - 1 S J (jl^i5 djij jjjJaJI j^lSI jIa jVl 



.IgjjUjl jjUI wj jj jc v_5La SjIc La jj jj 

jL_a jVl jj jj 1-ii^A-v.n i Ifl'ijl<La Aic (JJa ^ o • (JSjJjJ jjjl-iU 

■ tilliS LjJjSj jl ^ -vMj" 3.AjJ'.e. ojlo Ifl ->»h ^jll jIa lii 

1 w —3 a^jj bat-pollinated flower jjaili&JI jIa ji ^IUa j 
^_ill jlAjVl IaI AjIjI [jIusLiiJI jV Ijliij (®1 J^-^) ^jjljiuiVl LSjjJ u jii j 

1j_J jiual SA.M ^jill 3.jjiul I jljjj .(JJll t-ljji Jsla £c2iij 3 jaLj IAjjJj 
dllM lajj jIa jVl jjan j ^g-ull 3_ujLa (_PLi jlA jJ\ j^ll 1ml ml <-*ilil jj-wll aAA 
4_jVl &AA ts^ (JSLJaj (jSij ^Aiall ^jPiull (jlLal! (j1~*i>a 3 jjs 1I 3abljlLj 
4 ->jl jl__A jVb lalujyi oJjAiUl jjnj^Uvll (_ja! jl Aai Alik (jlLiJl 4ah&j 

_ 1 AjaLaVl (jLtLuV 1 (jji lhl .aLijill ^ ■* j La 4ja3 ^ JIaa (jbjj 4j*3j 

^_11 oja-ii j-a jdaj (jliaUiJl a AA Jlaj LaLu AjjLc jl AJjia-s jj£j A3 jjlualiiJi 

(j>i- «ij ^1_5111 (JShj Ifl.iLml obi jib (Jj^jll (3*lj ^Xala«a aAlc. <Jj=J 

oja_u jl_A j! J -1 _du (jlij^UalU ^S1j { _ s j 1\ jUijVlj .(JjiSn ^JjA jll ^1 ja.Vl 

Agava schottii ^-SjjaVl jLi-alt CjUj (Parkia clappertoniane) dowa-dowa 



J^iyl jL^» jUjf Js»-j jjIp tfdfci :(« 1 j£i) 
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ol ii —il v ^ j Leptanycteris nivalis 

*-\ _ill I jjJS j (° (k JqjA ( J\ jlwJl c>taLij (j-4 aaji j saguaro —R 

A. -jjl j-v l^-iIIj jj__uiV1 Cs\ _ jLill ,jui AjAc. (jlc. aJ\ Alixsii Cu^kj cc j11 

Cynopterus spp. *jj! Vil l uJL_«j11j «_jS1j ^jII jjSjaliiJl j 'jLil 3 jA jxll (j j^Vl 

.l^iu ^All'll ' Jaju Lujj <ijo» jU jl L-aJ jjjd 

jll >*& {_>*»ja 1 ^VT ^1—c. .{jl^aUaJl ^^Ic. jjjb oIajuH jAjjj 

X o £_Ifj ^JJ ^ Morenici j-a v 

A ?-jj •AJ—® X* • , • « * Jj jlLixll <illj kluiikil ^ ^ ( ^lc (jij Aji (jj^l* 

4L^aj4 OliLuJ frliiil jOuqa (jc. i—i-vil l ojaS OlA -LaI jaJI Casj g* jjD 

IaaIasj Jla ^jjll JjUSc Lmj .CjIj^aaII <—'.ji> Aajj^aI! (jIsUaII 

jj_1 IaI 1^ i^tn4 [j-o <_jij2tj l^Lc. j^Zj (J\ jjj-qJ pljill Igjxjai 4 j1 Aawj jjJlc. 

.djl.ljull (jia j*jj 

3 <ul5 ^-1] <— i L >Tt (jjjjiliiJt jaj CiLy^u Monkeys SajUI 

(J-alj*£ oAJill (j& £Akl ja Aj^kj ^Ac. ^ijlUj .jIa jbu A^lLaJl Jj-aUxll 

A HU1 ^1 — ill Bomba copsis ^ljS— «V( ol iill jl j_£a 4 _il Vj jU_£d 

3 j } — « ju n ll 3 a jill <ic ^^ill (jj^jll qa gjij Bomba caceae 

.tljLnll IaA jU ji ^Aity C:lj (jiikjll lAA (^Ift 3 aJ ill AjA*j (J jiijj 

<» 

Wind pollination ^olJ :U>U 
jl__A jS'l ^aIIaj iL^all Cllj ji-alixll ^ASk 5jj*^a J i n~l j (jjii oj-« 

(J£_Jii ^Ijjll • jUjV» (jc ji.J4 (jiljC. AaLlII ^ 4jl LllAa.J 

-11 CjI— jlull grasses l_iL£cV1j gymnosperms ^Ia ^cjSIj jjuojc 

(j-—Slj ^ii-all LiLutl ^Ujll ^t=kUll ^tjihH £a»jjj . ^ jljilil! jaJ dicotyledonous 

"&<• 

3a1 c. ?A —jjlb ^—al3 (^ill CibLill ^ijj diuk .AjjAj CjILus 3Axj Aj-ajill Ajl jjj 

Jj -. 'j 3 aIc ^4c bll jjaSaji< 11 q ^iLsul SiiLaJl ^*\ilil c -t jt-k. #j^S f >1 j 
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3<*-j ■ ■ j ajli <_>Ljljl CAjbjll silij [j* ^ LaS .c.ljgl\j Iglii 

_ilj ^_jll Ol_nuilj .^Lijll ‘Kj.jajxM Aja~jl CiIjIuII kilii /i! jl '—ijUi. <J. 

^ -le. Ja*j ^juU- 9 cJa (onemophilious) wind-pollinated plants ^Ujlti 

—irdl C-ljLiall o'^A LgJ^?o £ 11131 (_j ilv lal£jJ1 

s-ij— p- o—a ojj —& i^jUaS ^1 anthers <^1*11 t> lSj^j unisexual 

(jwa xj _3j Sajama jjC. LjLra.1 Cj^aJlj ajjij-a CiVjJj^ll £-15111 

(J—aa £—a jjljjVl (J—^-i-ajS JS3 jjla. (jlJjVl jlA jV 1 JgiaJ ClVWIl 

c i_iin l-jj cl^ii-a <■ A-kwi Ajjj £jLill QAJ .^b^ll 4la^j (_jal! £-11111 cjjja, 

(j — aj .oja _ 1! CjIjLuj ^j^L-oll jLs^il qa Id t_ti^allj £jjjll (_ji IfrLaaj 

(jail . ijaII j (jli^Jillj jw^allj £t-aall £-lj^llj £.511 1 j! > d V1J tllljLull 

(jl_J jjiaoll s-Ulc. __j5Lijj . £jjjj jll t—ilikvai jjiirJj lajiJlj JjaJI ji->*^ j AjLaall 

ajSl_J y_lc- J^utj o jj.isLiA oaln-a <JjUi la& a_jjUj/i 4JI £-U^j11 

jk—i lal rtl jjlaill pLJjd (jVl <*ujj £-_^laJ (^111 Jl^iidlj .^lllll (Jill £5 aU 
a.. id ^lllll l_i_j±^ qa 4ljl& olj-aS alii V j^ao. elil jd^ll £_a tiabLill «aA j jlajj 

Ig_id (JS £-a jjii. <—AaLnii (3^ loaic, jjJjjall (ji ^1] jiij (ilia jjjull ?«.! jgJlj Iglli 

Call ‘"’1 alaj iiUigJS . IgUli ji 1 g ^^lc Ja*j ^oll _^uaUxll ji i»W 

j-*dt .^\ j jlL ^3ij AjIIjj jj J-iIIj ^5h (j j CjIjJI-JIj £_ilj Ajualik. CjUll 

JJ .Wi aj!±i LaLoJ (_j*L jiJjSll jjljSH ^ (^1! ... uljliill t<— la. jjillj £iSl_jl£ ^LijI) 

{ j —2 ILl >n lIij _Sj _allj jt^illn j ^Jilj (_jll £-Ljj11j £cjjpj Jj-a tljljLijll 

.ujIjSJI ^glaj 

jj—Lla. ^—jilj (_$! jjli Ujla gransses 6^ t} l^ 1 ^ jlU 

k_u_ud jjjll CjllUll (j-a JJuSj .5-jjJajVl ^JJabkll jl [jo Sale. (. in.Mj tliaaiJ 

IgjiLal .^Lijlb l.^iji ^iij jjjokiluli jlg-iJi Aj^jL. j.-),. (jSji jji [jLkuipU L-'ltjl 

pigweed *jjVl J-—- > J ^ulalj junipers <^iLjjj_ji-a31 (>a*Jj (jilLi^Jl ^ ajac 

•ragweeds -^jll obUjj 
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a_Jaj Jijj Laiuj aiLjk IgJli Jj3j P'15111 V_J^i=k. *• - a ^' ] 1 

u _jll OlSUB ( _ ff lilill jjjj Jjja*Jj .{.liiS .^A.'■.*j Jjbdl -13 

e,\ _it l$jb- J=Uij (jjjia ijC’ (jl oi^J tllJaJ (j^ <jSuU ^LjjHj £tSIj 

(_5jjL<aj«.^ ^iiaiH jjjhji j ^-L)jl\j Ljaj ^liHl i_jj*£uj ( a jJl 4jl^j i_ijSj 


.'i. j<j-S tlilfiS oj£b (Jlba ®J^Hj •j^i | -i33 ^jilili 

j_S_yi c> vj*lb uJ^s ear jjSll j*j 4A ^ji&l jj^oUII .nonoecious o^Al 
(j—^JoiUa ebb pistillaie flowers Ajix» CjIjja j j^ll ijj^i .CiLill 
3i _jLa jp^^ t-ifl^ jj .^O^J \ Y (jx JSSS l^S jia (j-ljj 

uj\. ,^.vyi u—icj ajj^all ^Jl jjjaJl (Jib Jiu«1 ^J pollen germ tube 

.aaJjSii yic. 

^-1—jjlb £ -ib Typhaceae AJSW Typha latifolia L. ^bill JaSl! Jb 


‘.'J ^aJl (jAjUVl .1^-11 qa SjjjS CiIjjsS £iib 

(J a 'ill f^g —JjA I flt nl jl»j]l (_yvu I fl . w «yjj .“Uiul! ^ (JaxIjulJ 

- ( J-^H 

Water pollination ^giWf ^*«W1 :UolS 


Vallisneria *•—(JliAl JjAka ^ic- ebtiLj ^-ISl i_ijia. Jib p.LJl j»j5j 
(J^-Jtil <Ajjj a^XoiVl (J^aj (^jlt >jVl .hydro charitaceae 3iil* americana 

£u9juj jaia dbUyi jIa jVl . t-bLrdl jjja o^LiAA cjfo* abl-> r,il-i":j ^LJl Ait 


£c_Ibj £-1-Jdll (J5ib3 jjSiAll jl» S'l ttibaJ (.Loll Aic 

(JS—Jill (jl <wA^dl bijjtjj .l&jjji (Ji! j^iLa Ciaoll ^Afciilj uLufliyi 

^tiiu iic- ^uSJJJ j^ill ^!u>ll jUjVl _jaj AajLlu j^ilru ^jll ojSiall jliijbU 

■i' lvl.a A>l CbU fjA jii Wj^lj ftl^j^lj ^£) 1 * &U! 


.JUj 
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Ldl (_J—SJ iiL—Aall —<> £-13111 (Jij ^ jUxaSfl ja^lu U-cui ^sALmA 

—aj_ac. .piperacaeae 313le jIa ji ^ La£ ^13111 ^j-w. J1 i3u .y oO a l^ uJ ' 

. jjAi-o ^tjtfoll AjjLiil oUtull 

Mechanical "artificial pollination” ^Lolf 3! ^gXJLCcJf g^.aJjJ( 

1 $—A 1—oj pollinating animals jIa j^U 3 a3LJ1 CiUIjjaJ) qi \3jLmi jSj a31 


{jl “i.yij . ^IaxJI qj ^Tinll LjjUij Aic- ^ 13111 <■ Jin i*''jL*-kU 

AaC Aic. lilli (Joan 3 l l_-k.l l aAA ^3 4i£ilj o^nS 3 aaa1 CjI j ^3 Li j^ie. LAojI 

ol—Sliill 3 —ajj4 JIa-s (jLuijyi (J/ifc . jA.Y Ajln q* ^ 13111 <—i_jja J3j ^ 

till—li ^ ..injrtl t_Sjj_ ju (J^sIa jAmai (_\d £ 13111 i—l^-la. ^jil-ii ^Ic. ^jLutjyi Ajuu 

(_j— 3 ^131 <— J^jJa (Jjjaj JJ jLiiiyl AaeJ LaS .3 1.,1-v a I_ i ilji- nl JJ (JjjLka^jll (J^sIa 
• nuts —11 (j* 1 jjl j! 3 j-oLx 4£I_js1 as*11 SaL^I l^LaSlj ojaJ-o jl Jjia. 

- . 4 

I • 

. ^L vJL nYI (j lmj lih-klj Ijinjj jjjjUnJI tdllj <JLa ^131 t—^ miAJ 

m 

^1 3111 (_ij_Aa. JU - -< 1-1*1 aj j .V^asLI ml j •ill jjlc. 3 a& (Jjlkjj.1 Ij^jiKjki (^aLa 

£-13111 jixj j] ,3 aS^S sjjj-qJ jIa jVl jvyiLta ^ylci 33 j 3J oLijii 3 Li.nlJj 
CjIa-la jlAjVl (jl& l£jjl£xa £SJjj 3 L>Ia SjLaJ i-jiVl jt AjIL 3jj 4 jll JjSUxll 

■ ojjlus tilljlUaj jl 3j^j_^a Ol jlUa jl 3j-aLi o j$A.i ji 

J LuU (J . ‘U o jl aJ 3 aJj ^jilJJ Mil ^3-1 jJ l.lll U J&J 3jljijll (JJj-OAaJ 

~j ^—1 a!1 (Jjikj J LaS (jfjjull ^c-sitill ^l r - LLal£ A aj j 3 ja&Vi cj^a 

.jjUaj'yil ^iPilib 4 a31*) 

Cil jftjSll 0 j 3 ii q! jAJj .lAa, ‘ «K'* 2^3 ^ualx£ jLuiiyij 

SpUS jjS! SAakljll JmuJI Jaj oj anuna (jlj 3 a.&.-la11 i^jjjaII ^ cucumbers 

• ti^kj V* • • jIa jVl ^j31j 
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l$Sj . * n'tj A -t-olai ^UI ISjjJj Ljjjl jji Aj-ali CilS j*i laijjj 

<il_Sj Jia (Jowlunlj .£*liUl JjljJj QjJij <ji a^Am jjja ^aiwUj 

£j—illj jjS jj— llj JjSIIj j-lilSI Jl* AjlLiil (J; - -A jjifr lali tpjjfaJl 
mil jl (jail (juSla t . i L U i ti jsfc> jfc rfiU fr jjSj ^1 Ijj UU (ji jjsJlj 

Sjl_cj jjji jU jVl tilljai jl compatible cultivar oali ciL-a i>lj3 

tSl—lall (j—d(jSi .j i i U _in (jlc ^jjA jll jkdjjll tlla-j ^lilll tpijf^. £*^3 L» 

.±jju <lia3 Joialj £a* 3 (jjll ^ISlfl VJf* t£U»llj 
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4_JKissil ^ t^uijJl ujLJI 

Pollination in enclosures 

enclosures 3 —xLH .uL-x.aH ^ ^LaJl Li-j 

-ic- uncontaminated seeds 4—l^La jjiu ^rl^y otiUjll Jjr. a1j\ 

^ ■ >*j ■-■ ClUilt jLali jl jjAj SjLj dil^i- t i xl l ojljj JJjij Aljx^a 4Jj i.x^-, 

Cjj_illl AaJ ^jc-llua AjSAj Cm iOlatUi jp- (JjjuaaLi ^IjjI Ole. jl AjjIjaII 

^ Jilll 3 -xLxH j -V 'i il ilia (JSLius Ail jjj Cj^Ull e Aft | ^ua. Cuxj j 4-j.ili^ll 

,oAjij>d) Otilull 

Jl — > <> ts—i Sj^xall J^l j-*H hand-pollination l?jAj11 £j 3M Ail 
£xi»jj]1 I Ai Afl-xa (_5 jAjll £Oj_at jjAill (ja 4 j3lS (JjLlo£ Cjljljjll 

_ i£Jl Sijiill a Aft {jla (il^L^luil t_ ul.x ^JJ l^jl jLuilj ditliill 4 -ijjj ^xol^j 

» 

? _ill! (_iL_jAj (j—wiaJI (J_ijj (jiatill (jij (ilb qC. Vaj ^A . -x U d] IaI .Ci3jJ1 qa 

.^jc. 1 jjll diU-aa-all ^ olaLvc <j1aV (_$aI jijyi (jiill lliAij blow flies 

Bumble bees J-woLlf Jxi :V$? 

jj—S lAJi ^ 0 Y ( j^-.ti ^ (jiaLJI Jij (_juut-j 

a CjIa IaJ SAjLall (j^LaVl 
Sjj-JLuall iuuxall (ilfiljjll ^Iax’imjV 1 

(j.—la Jj ^-tl i -small enclosures 
i—-M J » (ja *U j)g -a ; BaIs. (Ja_ill 

(jl (j_jLaJ (_g—-Jjill jdl-*ii (_^ij .4JlLfiC.i 

JJ_C- tillajll jl £- jl j_alt 4 j1c. (jxoij 

dllSjji jjll <_JaLj AjIc c-lll (jlrxall (jilcyi 
e . .,-ol^jJl (jtax 1 jl 4jL<ali 



Bombus auricomus £jJi j* J-*l* Sltfti :(0 V ) 
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^ (Jfaldl j.o Jjl —’I'Hl) Lindhard ^L*JI 

a —*j Trifolium pratense ^^ jUl CjUo ^ Al* oI^^u m^ d n - -v 
viable poll on q* (j*al=*i> iJ £J cortiiculatus tliULsi £a Vji 1$ > ^uia j 


williams jj'ii; 


jlj Cj! j—iajl 1^_ Ia~> j Oil_£ t.-aJ j £*l_si 




oj—^—i-wa A—a=».t —*.j Ci^ij ^ T pratense £j33j ^ Jfabll Jaj 1 ‘I'f 0 —s 
aji "iv-all 4__uLull AJ^UjJI d_i^U ji ja a£ljj ^5Uj .• x£ « X<1 * ^ 

j - a (JiaLd! (Jaj CS^ - (-W 1 lAia j^jll (j\£JI qa \g~l»r a-y ^15] <-_)jfa. 

wj £jj fi yb «.La Ol jOJI k' iLx. j t. pratense <— £)Uk <j jiJ oULij jIa jl 

3—iijjlall aj-A (jl Ciij *j»lAiILuyi (Jj 3 Olc.Ua i ~V oial (JjxLa jl£x 1 Aad 

{ja O aid pUa ^ Omal 1 ' . ^pll ^-\S111 <_i^aSlall jl jia.1 jt ja jlL ojlija 

. ( _jUaai. , )?l ^Usj! oLia (j£lj oLUyi ^yic. ojaSH l$J ( _ J -Lc.i iaSa jjlii 

-ii (JiaJ J (Jaai&Sl ^3 aAa.lj (JiaU A W >i La ajLtll ^ 

.Ajl_ ill (j UiL dl T~t j (jaSiall <_ijjla <^3 L>JJ 1 0— )\ j^jl Aa3 

■j-^ aj i-lSuiJ LaJJ .AJjjjS £ . u^i Ljjli jjaaiSil Aiau Qa jj£l jafa. Aic-j 

jj— £t ojl — £ ( B.hortorum, B.agrorum, B.humilis JUs) ^1 jjVl otaxjj .pliiJl 
Jl jl—aj (B.lapidarius, B. sylvarum) Jla £-1 jiV 1 (jc. j^aliaVl ^ S^liS 

.l£j_^alj OULull iajjj t-<11-^ « Qaima ^3 ^.lA'ii.iij tiUaSjJl lift ^aij 

Ol —uj A > «-i l A il Aijliill clones —JJ ^JftlrJl gjShll ^ JfasUI (Jau ^ 1 %u»il 

•i —c.liu j\ (_ys32 Ajllxa OjI£ JiaUjl (J^j j-* SAa.lj S_j^OuLa jl ia.jj \f.SQtiVQ 

B.fervidus, w —1c ^oiluwJl JfaUl J=J Joilj .r,o x l,o x f \,A 

o—-^1 a—jjjj u -lc. Jac j .B.mormonorum, B.morrisoni, B.appositus 

OiS—i M. saliva j l a jl (jV 1 jiiij .Oia-a (Jaj (J«iC (jjau ^jliij A-a.'iA'uj/ill 

al -JJtall cjA jj£^ A u i i i a jj T i ~ k ai ]i OljLull jl j ^UU! (—1 J^l ^•Ixall Jaj ll jA-L^xall 

-^ rjal'U (J^jll jja 
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A * lil 1 iji/tll yk ijjlS $j2jJ SjIc. [jj£j (Jj-alill (Jaj (j -0 jxC-jib 

£JjjJ! jft J5 ^jaijJ 4i» U£l£ jijci ^c. Jj,^1^.13 4_)jm_i_a tjJliA 

o jaU=J 1 ojft ^jic. I__iliil3j .CilSL £>iuj -lljiVl f J a a u a j IjjjS ajlAxj (JSj Una, 
1 j ''^J v (j\ ljjSUnlb ujUcuJI Ja3S JnAJI [Jskj UllSla ,a ArUi.il 

i!J Uj*£- <Jjb (^Ic. IjnS O^ 1 Jjjj V Una. dll -I^ Q lLllsu 


AJjfruij Ia Ja-aJ jjS-4^ 0=>Li. jl jjL IiaI Clli U^aJj-all CASLsJl liilj jl j* 

.tg.Li AasLS .a! Ac. I Jc- (Jjm.aJ1 Ialu <— Ai\ V) L-t-^j 


lfl.m'% AlC Ujj Y o \ • jan! jaJxJ UjsJjdl (JijLjl (Jai CjLSLj jl Aa.j 

Cichorium endivia, B.napus, £—a (Y x . ,A x . ,A) %qA -sat ^ 

U“ ■ »>,' jl—& jVl clijl jj Cichorium intybus jl B.oleracea, Raphanus sativus 

Jj r- Uloj J^JI L-|Kl/iil j^ jjSjli fl.lVlJ jl .<-<LtLJl UllSLJl (Jax^j 

("il SI all j— 111 opl—iS cl— ■■ alj ojinai 3 jj 3 jiUxJ Una jlft£jilj ^ 

Ij— a. jlS Psithyrus spp. Jwbll J=J jl UbJ Aaj US 

. mail'll! ^ 

0 

Honey bees Jw*JI Jpu :L>U 
(J ** 1 (j ;- - U J * n» Jl cUi cU-^Aj 

(J- 3 jU jVl £jSJj 'UaU. clf<aU3l 

U—-jaUjll eiijjJl jl SjnSB 
Ia^J ^Aunul A2j 4jlc. J j ■ -"' ^ V 1 4 lj » ■ ,1 

j_Sj a_5ia .o jj— j£ Cjlj.ua! ^jjajxll 

jl—ft j! ^jSIj ^ cU*Jl (Jaj ^Iftaouij 



J~aJ' JlULi :(or J<A) 

Apis mellifera 



2 . jU>— iSf! £ -jiIj jll CjjjJ! ,ji Prunus persica 

y/^JU-Jj o, • • • jai] (Ju*II (Jaj jj ojjii .o CjI jajlluv* Cta-iajul U£ (Pyrus mcilus) 
, jjall jjUS ,j/> ^ Brass ica oleracea s-ujSll ^slil ^o'T JSjj) a jar 'Cm 

pollination work jV i il l JL&cV alj-allj i_uSjjll ^ 4&jila (j^slial ^ oVC i! 
jl Ajlajll ctlLj jl (^LallU ^ja*m jl jUaJ j^ Cll r.^t jill jjljl Cli j£j 

^ 11a (j^a — aS Jjl jj— ikflj . jaY jlSm jji Jlill 4jj*j_cu Cl juuj i—jSLail lilijll 

(_j—ill (jjal—iaVlj 1 ^ ° • ^ 1—c. Pederson aJouiI jj <—uSjjllj (J*all t- Ua a 

Cjl_ mljJ (_ji jVl (^jja Clll jlaj 4_*jUj CllLjaijA]! o4gJ Ciaaj-a 

n — & j j t vu . (J^j_ k^aajill J ■-. ^ ’. X CllaLuu 4_llaij] j>Au^ 1 ^ Aa <aij ^jflljll 

■ iftjl liLiuj^Ull j^ fr UaaJ ^c.JU (jail ^uail ,1" jlaS j^jjijl tillui jUal jj (J^alllVl 

.4jll Jjaall 3J j fl » 1 1 ^ T - a j - u j£j <JS aic. 42 uijjjij JSl fcJjS (jama Clla 

4_ijUjllj a jl j—all 5jkjJj ejJall AiliS ^lc. Cj! j^b <_jUial jioj 

jxilj t_$±a jSlj .AjjI jail £j-bja ClUUill (J yu (jill (Jailll (Jala ^Ujll it JmJ 
.jjjaLilbU ^iljamll JaLaiVlj ^Jalimll *_ijjiallj (jjSUl i_iL>ljal <. ilVkj (joiall 
2 .ul jA.ll Ciaj 4 ji l ti ll jS-ljiVl CjULuII jmi ^.lc. Cili^Uay 1 aii jjib A a Jr-ij 

(jl Cl 1*1 a-Hs . 0 Jjijjal! (j-alilVl (j* (J^l OJJjiH (jJii&l jJib jl (J<uakill (j-aj 

liiaJU (jilj .Trifolium repens ^ajA\ jju ^c. JJa jab Cila ajaill j-aliaVl 

.(Jl laj! (Jjiwi (^I& .CjULnll jxj j^Ic. (jjjma^ jjjb CjII jjalilVl J 4aj 

jj - S.1 Cul£ B. niger j Brassica alba tS^ ^j^l oUUj (jj«u (_yajiaj jl aaj 

iaj US .p'jJl (ji (>a {J 2 I cSja Jj* aa a L-'jUr-l j (j2al jj^U AjJajC- 

1—a aajjj .Ribes nigrum, Carthamus tinctorius —11 jj JGj j ^ijilll l jl 

<Jj_uaa -It (J ja.41'lll (JjSUaII Jlibll <■ - IftiU (—Sjjlall jjaxJ ^ 4jl jaij 

. (Judtll Jail ajiall jjjbll jj CillS Aajaj Vicia faba JjUl 

1 Cij g.Uiyi aOjIa/i 4j&ljj CiUajk > ^3 Cj)jj*1ou 11 jJJa jl ^11 1 jlaij 
J ail ^La—Jl —Jjla j-£■ jljjlall Llwj ^ Ci^UjsjA (j2»J (S jal 1^1 (Jaill 
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1— Jiij .A.w ^L}I (ji JaLliIIj a_^<a <*U i i a! 1 

Q-o Jila <J^*j t—sj_pil! oA& Cxaj Aj1 jSi /.ij-5> e^__)2i.y^ lift Aaj!; (_j3 (J-la. tJiA (jc> 

CiV! x .all ^3 AJt c. Ci j-o 4 j J^-J ^]| AiUj^yL Aw^ii^/iii ditljji! ^-.Is. (JiJi 

A_-iuil Llli^^mTiui a!1 (j*p* .lie. Cl_^all Jajw jljjjj .(Jail! l^-il ^IjVl 

$.!j—3<j J J a^\ jjjJ *j-»A . '.-.U Sjl ^jlc- ialisJl j rviul l (jjilaJi (jp a_^ ft* > ■. a 

£_jJaj ,5j_aivul CltaUil! ^gilS ^cplj Cl2jll (juij [Jj>.*-i*Jl j 

^ « • A - l-y jj £-4 2j_yaJ (J^oJ! jiS (JS 2dl.il (j^aUaVl £■ jli, Cll 
(j&jjl (J£ 2 j1.ii ojdWm'l) qa foragers 2Ji^ 2JUui Y • • ^1 

a JJJ ■ jua lilldA Ciil£ Ijl 2^nli> oAilili 2 Apr- 2aj_>Ul oAA fcjiL .£_pailll 

Aiijb £*ISJ i—ijjjkj (j-alsaVl (Jilji Ciblull Cijii t_uaj jaj 

~ ll i—i^l:vl ^LaLa, (jj&J A3 oLOLi. a^ULa AiC- JL^Jl |J~>' ^ji C_aj j*_<i31 qa 

2- -■ Ijla-4 .2L13 ClleLui AxJ iHi l_iJf^i) aii [jia .4-alupkl ^gic- A.X 2 . 

(J<vrll. 1 A! ^uu [_jjll (j-ipv. ^ic. (JnC. Ajclj^ll C llja-^all tiljil3 

a j_ \ <* 1 ■,!.. < %j .^Aaalll <Ji.ll (JaxIIi dill Axj'Al ^-niad ^ Aa.1 j ^jj oiai (JlaJl 

Raphanus sativus, Cal—Col <j—4 2—j£i jjiu ^jlc. Jjao^JI ^ AlUa 
^ j'—^ £ Jjj —• S.J— i J—^ (> (-ilia-at Aja.j ^c. j Brassica oleracea 
B.oleracea q—* i i\ - i»nl ^aj Ale .AajjjII 

Centaurea cyanus ji Cheiranthus cheiri, Begonia spp., R.sativus, 

Cilcl _ut ‘l * _ ! (JA-P* (JaiH JjC |>j aASLa 2oi!JJ Cilii-a cJatij 

vlll—iua J-aa»J (jjJl t i' li^Vl (Jiiij tilt jAT*ii.»<i]i <■" ;».l>i j (J^J\ ^ic. 

J ■i-.-/) jjiill i_iljju<aVt illjlj jiAC. Cuj (^3 <ilc.li (jLoI AaclIL» 

(J —lj (j— jSLaj L-Xlkjt !a^Jj .oAjLui (Ja^j AJ^UXJ Aj,^ no AjjI jj t-'ta. 

cross- (J—Ui (jail - Cl! j ui! - l*-ai (JJ -3kJ {j-aliil (JJJ (Jjuo*JI Jaj oj^i»1.»i/i 

Jlj_L alj^A (JaJI (jup* axj CijUl l> cjjaJ! (jjJ compatible varieties 

(J^—C .1. IC. 3_ia. C UI (J>iCkj Axj (JaJ! Aa.j 





Melilotus £'j—*Vl c'-ai ij— _lj]l jiLoaa ja jlajj oXu] 4jl ja*2oia 

• officinalis, Melilotus alba , Medicago saliva 

Lai J_k] ^ rnfj AjSAj <_S ^jll (jaill Cll JaULAaia jt jjii L-ljlikjll Cljlkii 

li_iljA ^ illj a i a'lnu ^LhVuJ ja .(jaalsjfyl ^ 3jil£ jj£3 

tllilS 2i2»li. jH t_jjju<a]l (^3 jad jcV CjljUal 2 j«-1ij l^_la JS (J jiJ l iu>L j 

■*< J«s jln.-s.yl ("'-**) ^jill ^osjj fi\ '11 a, jju 1 jn( jjSI 1j-s.j«1 -' 2 ; jlUJ 3 -si mall 

1 - ^ '1 •*» 1 . .. a!1 ^3 3 »S . Vi ,-ll j a«". n A J >S*i.n l > ' Q aH Jx 0 ,,\ Asj 

Vida villosa ^ w —S 2HiJi !*,»•• | ^ A» t ^. J j 1*^ 

j Salj Sill jll ClljjiaJl 2 -j V ,| Cjllill jlfc jl ^llaj tiiluj 1 JJjS (Jikill Ji-bS 

• 21^1 T,» * t jjil ojaxJjaall l)a*j j 21£jiall bilk ja jaalajH 

U—S jlAJ^ll S jS . ufl JausLlaB ^jSSj (_J*oxl! jau -'l .\ Vi ... I jl a jjail <Ljj$lal 
j j *sj Ljjfi. 2*aali. lilli l_uaj UL»j uaoacuj .Ol jaiimal) jodj 2ia.Li.jIl CjjjJI 
JaxL - yjjCMCUm/S sativus —11 jlja Aa.1 ji j£j liua. . JjjL jUjVl j>-aja 

IJa ^~l ■ 1 "1 1 • * » (J^ #JaaJoaa cj. Ha 4 j IgAtlaj 2j.%la>j 2jjoaa ^ a ja»Una ©Y 

jl_£ (jill jUjVl jioaja (Jjla <-JiuU til! ja Sic. Cll jaaiuiall cDW (jJj 

i__AS IgiS V *— il j aalk ii a ^liaoj^y ijfl.-yl) tillAj 111 . ja]r>kuC.1 ^11 jumj.1 ja 

0 , • • ♦ J—ij I3—ia <JS (_S J^a Sjjijaa lllljaalaia ilicj CdJ jl^all a LA ja . JJjS 

^a a j—a 2 —xlaS t_$J aj |^mY YXl OXl ©J ojjaaaa 2 -ili. ^3 3 11.1a 2 £laj 21 aJ 
w —S Uija>j alii JS fj jSlm i-jljJj a ■ jpl * ,*1 __j 2ali. J£ ilyii . JlllulVl 
j tti 1 • • J * > 1 2 ■ ■ ■ 1 (j a a> !i jUal ^lijliuil 2 1.11 a i. 2jl$i ^ tliaajlj ^iStll i_ydS 

-11 £—Jill cs - -* ^ *'m j l lllilS CilSLall 2ajiO pi jaa'li.iall j] j£ij .2 IkAa 

(LLiVl*—Ul 2ib Ol£iail Ljaj J tlua. Lol^U ^ jaj ^li 2jjlla Melilotus alba 

U — s jjjl - & (j*aaJ CjI£U1 ' 2 a m il CjljaaSniftll AaJ iS tilli .(JLsll (jj ^ . a auill 

.jil ji^l c>a*j 

k-i j fj —S 0 jijj CjI jUal T~\ u ic ^UjjAavll ajaLuall djjajuaaafl jl jSi 
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1_ftjbljl 4_ -iaIa j Oj-U £ya jl 4 C-uli 411<JI a ajJxflj A u^vsll J c isiii 

0'_ja*j__um O^-lau _mi! ^jiYX • , AX « ( Aj tl! _ 3j Sja jm i ! Ol-iA^lij .j»YxoxT“ 

* 

j 4 > 3 1 Olj o1 £>Ia1! oJ^ miniature hive L£L». ^ Iaa s jiiOa 

?-jiLi aj-AA^ i a» ^jjjUaj 4 jaLoI aj±l£ a_/7» rv ,0 

S^ii_L-c3 ojj.lu.La 4 jx2Sj \\ J jj »^jSjo;j ^jij^al 

4—jl-tll J— iJLaS J axj oJ a! j jLliaLol jjtiauS JJ^V' 4jaLhV1 a_^A a1! (_£jajj 

i. sL . —>■ >ij 41 aJ 0 • . f « • . j 4 _i1a Jjjjj tilLaJ aUai-a (_$_^aV! j 

(J ill 4-pl*J! o_^a*JmuJ1 qa 4 ! Ac. I jjSaij . -i*j LojS ^jjaII ‘^‘ij.ljk 4.1 a i 1 « * l^alj 

.p — uijpall pljj! jSill 4Jjl mil ojjijua]! Ol jaaImiaJI <ja ® * ^Jl Y • ^USy ^.4Sj La 

0 

Ifl.’lo (Jda j_j3 ALaJ 41j irwijiali ^3 Lajj Y O jAJ l^-la-j ^J«J Ol JjuOum#]! aAA JlLa 

Ol _£LLJ! 4ajA*J! *^X!* ~ OljatoMlI oil (_fL« OLa*Jjui! . 1 • * ^a jl&l ^11 

(_gj Ti ... ti l la—AiijSlIj t—iijSJiJ B.oleracea <jy o^IU (JLIaIIj ^lill ^siill 

C.intybus, Cichorium endivia, Brassica rapa, R.salmis, Asparagus ( ^su ^ a Hj 
officinalis, Apium graveolens, Daucus carota, Tragopogon 
Sj—=>. j £y o j y -‘ ^3 1 J1 Jli (jLalj .porrifolius, Fragaria xananassa 

4—j.a.1 >_jll Cj jpill ^^ilAj OjpaJ li! (jS^oJl tll^tlll t—liaalj ^i.1 ^11 ^aLaj i~ 'j i 

_jJal^3l i^yj . ^jLa jj oAa! <_j^a! 4lSlc OljLai ^1J <Ij1 (JaJj 4jj^j3 CjIjLu 

(ji q -fLoJj 4-_iA.Lli) Cjlj^uLjjjta Oartjl jJxj-all ^>^>11 dllj Ol_^oxl^uvll (JLo ^jl 

.aLIs oUlij ^cjSIsIj AlaUi CjjjJI JaSa a-. ,,.' 

3 _jalS tlulS 4 iim O'jUaj r (j jiaj Ol j Apu i ^i l (jl a jpll O 

4_alOj (jSLaJj .oOLa liiii qC. 1 tJsVl Cjljaul uuilij .(JlaJI (j^alil^U 
l_i_ajj 1 A'j-.'^1' (. to Jn liLlj (jlc. (J^u& (Jaj jaj ci» 

~ Ol jL_laJ (_$_}- .-raj V La-lic ^15131 jl ^3S3 ^iLol 

4 _«i Ijlj ...11 jJb-dAJ (JajSl jlioj L_1AJ LaS . 4uj-t'k.i l OlAljia.1 Oil ^1S1 l_\jvi. 

^■L_lxJ 43 LaS . Loul s.La3U L^AiLS jl j^»>i> (_W ill 

f j«»* jliaJ ^yll iaLoVlj .4 j_^a*Jjaa a^JkjJ ; ai3a.ul aLall LOjl (Jajll 
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Lus (Jaall 4 jau j^Jc fjjSjuJl JjWfllb 4jJi2H (Ja*j $li*JI-i 

ol_aiLi pollen-gatherers ^lilll ujn CjLula. J a^.jj ^ o-Ajj J} 

nectar- <3 LiA*-»la, (jc CjjaJI ^ Freesia refracta Ciliil *jj y> 

(J^.L^JIj o^.n«',,'.^.11 jli&i oj'j j (jS-ajj gatherers 

4ja.l^jll CljJill ( _jic- liiijl <illj (_ 3.'lrj jl 

Q—4 Jl—jSi ^j—tJaSU ^J^.1_Cuj jl a«.Aj .lie. 

* , 

.ClJ_aJJ al-(^1) ^_ja._^!l (JjiLj <—)J$1I Vjb»-« 4 j1j (J£ jl ^iV>»a (JakJI 

« 

^__akjj (illi (j-» pja. 4j^bkjll CjjjjII ^ j^j.x.A.11 4 a j ^jlc. lilA a. lift 

lill_ jj) (_j—1} _) ■■•■ » >T «• j^j ^yill Aj^a-u jLj j 4 j 1 jll p^jjyialU (JaJI o jbl 

J — iU JjtijJ 2j\ ^ns$\ 4 jral 1, --.U £ r \ . >yt jjLuxa (J-aAJ ,i5 La£ [J-- 4jli ^Ia^H 

t> J^V' u^yj '^j J JJ Vj®- 

(J jUaJ (JUjj ■ (jC. Ifuilla !,lxj tt.’Ur-J (JjSjj AjaIaJJ! 4_jjjucJ 1 iaj-iJ 

(j—P j$- (j^ -^JJ .Uslwill J] (jljJall (Jaall abkjj (j>» iiajAjll 

j Jj mi J 4 j-vt •>_}" 4jj^all 4 _=J_jaJI i_uUJI jjJJ 4 l — (J^-ill 

tp l ,../il ' ( j3 (JaaJI oJ_j£ i_jjLaJl j\ jliaJl ^j*o 4 aj_j 3 4,jl-kl l £ iJ n j 

t * . J v.1 i_j j.g. II (Jjl■■■■->■ j (_Jill (j-^All 4 t... *i 4e.^j..u j^paaljjj __ (^Uj 

(ja 4j'l A3kjj .^Jjj^all (Ji,l4 (Jxutll Jjaja Jii. jljsl j jgJnl j jl jfy\ 

Lj—alslj foragers tJS^ V (j^**ll cjl^a*iuix ^1 'i-^'i . ^ 1 

(J__ai i=»l y fjy CiSjll Q4 JRi lilli jjl LaS 4-i jL^-il l ( _jic. 

L'■! jVl^ I LajIj tillift filin' (illi ^-aj .4jil Aly ^->11 4a- k ^ISl (>aLi. 

- . a^ii. (jj4 (Jau ilil ji JlsaS _^uLua (Jij (ja t— iI^ a» . ‘ u>ui jljC-V 

jLJ aj-yUjl' uj jaa-iH ^ ClIj rt^*ini<v ll (Jla.^1 (j! .jjjjIIj ptLil! 4jualiw ^1^1 ' 
|jl 3 . ^.14. I jiiS (Jaall oli Jsj liij ^La.jll alau (jljJbll (J^ill (Jaaj (j-a Liaji cJISj 

. qasuIa jijj jjJj lil jSill i_yjju (jilj 4 jL» (illi 

L_lj-call 5 jLlJI (Ja»jll p\ 1~t' >.il Aa£. 
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£ilaj_ wij u dc Cil j^uovi-all CiJtubj Phaseolus multijlorus 

J—iJj 4 %*j (J -yll! (j* jjiaxJ l—*j_pall sIa ClaJj jliJl JJ JiiaJ (J^ill 
‘ *JJ m (Jj-aj La-li&j 3 ajAj jIa jVl <1*1.1 j»jSjj 4j_Jj-o]1 

(j_5LaJ (_JLU<a]l ji ^U^]l (J.htI! (Jaj Cl! .... ^ I tii. 4_a£)La ^ 1 C 4-l j i d l (Jil.5 

(J ilia (j - j.j (Ji-aj Cil .1_^=» j £-a 3ja.la.jll 3 jjj_oJ 1 £■ jla Ol j-axILa-ail - V»<% 

Cucumis jj j — rv * (jill t.ij. d! 3 i...tUi iiUj J^ulai ^jj .3jalajl! 3jjj_dl j LJlall 

(jlc J-a& lAJiajj (Ja. 1,1 (Jail! jlLic Jfi Jaliall jLuCilj SQtiVCIUS 

0 

L& bfclu^a ojCLlII j^aa. jr jlal) (jlJ (Ja.lal! qj» C-j*- (J<5 

~ij >j-" Ci! j-4«j_uia 11 .laj Laiicj A^uLiJ! 4»utilLai! cijjlil! Cajj JjSlilLi 

^ <j—* 2 - t ~ , ';\’~i*' (jiajULi Vj <—ilS c-lic. 4oa.la.jl! 1 —ljuill Jalj 

0 

U_2 (Jijuala^ll 4j^)Uj Sis- <J^uu Lalaa 3 ojj-o 1I (Ja!o Jajll (JojtJ ajl^all 

^_It (_g_^ .■.*%«!! Sjj-jSlI 3 3 _ij.di ^ Jafcj Jliall <Jofui i _ s lc. . (JLaJl 

i-aj ,-ja .laljoj jjgla £-a Cilaljj Jab Jajll j! jjia CiSjia (j! C.sativus 

■>> ^ C U111 


(J_uall (Jaj ^l-laod ^jUjII (j-a (jill 4 jjL^jJ! AoilaJjl uijjdl Joj-oia-a (JaCj 

P. domestica, Prunus persica, Lycopersicon esculentum, 1$—=aS3j (j—i 
Ci! — jUi jU ji Jo o^c-j Fragaria x ananassa, C.melo, Cucumis salivus 

fhVi in! ^ Cajj ClLaolaiS e^C- (JjX. jl Joll j (Ja_ii! j^oj-a ,4Ju jl! 

i*i j-\- .jj_aT tJ^ •*' .->|3 la JS CllaluA) ^!~ia*l! 3ja.Uk_pl Clj><i!l (J.-ull 

UJja^al! jl& jVl t-l^iui) t_i3c. jjJjAil(Jaal! ‘ -li^C 

(jl _1! ^ 11 (^—1) ® ajlj—=». 3 ->ja1 aLIs (Jajl! f_y=ujjil) 

Q—a 3 j!a!\ (Jii ole,j .3\JI CJj ^a ^juJa!! ^J! 3lCaaJl (_uC. ^-■y^ (JL 

3-ljj-al! (_ji Aja ClilS ^jjll ^3 jJI Ij^ii IjjjSj (Jj-iajj (_5JJ 3ja>Ukj Ajjj^a 

< al l o J_Lj (J a ill (ilL_l_j1 i- liVil aLCyi (jjiil AilaJI (Ja.ia A^al^aj ^ij^! 

ic.l__juij 3 _jlaJl (JCJ. l__AjAa* A- XJJ tjsji (JjLa ^1 Sxjj 4ia.jjll (^lc. 

,‘U=kjS]l yic. Jad! 
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t-'\ .j_ —<• ? il - » nl 4ajklrkj" 4 i j. fi" Jjklj Jjk :)1 Ci)jaa4kj*4 jj 

> hj .’i — i& C. sativus (j-« 4 j.1j i_'<i^ ^Ic. 4 Loc. jilaal JjkJJt .iljal (jl <• » »a i S] 

>fij 4-ic. Ljajl Aa>,j LaS . Ajjkljk j]' 4jj<fi" ^ £kJaj ^ dll j a .T4^L<ii' 


CJ - 


le 


L S> 


i4 J ■ 


>3 • 4oa.L=k j *u n a a-*l dlljlgj .in.' Jajjl l—l'JA». 


jc. 4il—Cj-itaj] Ui£ Jll pjj-a! jIa jVI ^jic- Jauil Aic- J Freesia refracta 

3 J^J*" <—j jS .. f»l ] i * 'V . lj Vj ^IjjU' l_ijii-oll Ja* 13 Jaall Jj^uj 


Jala JaC C.mslo l 5Jr*- 1 ^Jjjaa dAjl^j AaJ ^3 Jii S jaiUliU £daj Aifrj 

j_4 (jjl-=4-a £JJJJ (^1^- Jja.firk.Hj .4jKU fjc. S-lwJI dllaUill Jaal! (ja 

j__£ja jja 1-JjiSVj a J 4» . u . a . a £_i_iajj 4azklrk j" 4 i ji-fi" Jjj^ai^a ^_1C- Jjk.il' dlV' a . * 

4 jja^tU 4 Jjlall' jjl -k a! ' -li.1 ^Ic. ^y)L{Sia jljl£j qIj jautliaulj 4j jj . fil ' 




JljjSU ^t>UJ' J?tJ' (»£ j£i) 


■ 4-jjkba. jll 


Solitary bees tSafjfliVI tli/lj 

(J _J OlaUJl 'ii 

Megachile jil- iaa— >J o 'ljI.J l 

^aisLoll olaLdll ^aSii] rotundata 

0_J3.J clua. 4j~k'-k j" k_j j.fl" ^gij 


a i L.' jj" i _im lia r-1 ^ Jjkjil l.iA (jl 

(j-aliSI Medicago saliva 

^_a" 0 « j—aj J. 1x a, ^ JiaJl ^ 

4_X-ui (jaal—sal (^ij (t>eaU J^l 


u _a .^43kl^jll 4aJkaall (ji (jijj ^^ic. Juilja OlaLj (JJAJ 

4__jjjj £-a Igjjikj jlA jV' JaC-j L.iciil'i Jjkil' (jluic. (jaliaV' a^A (^La 

ia\__iiJlj oiAail j»UV' {_ji ^cliua f jl>h 4 i-. ' ^ j" 4 ^jiaJall j. jifill 

i i ’’ jl-i- (jj'j S »1 Jaj JlikjJ 4j' Aij LoS (ja ^ic.*' aj'ja. 
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JlxJI JaJ tiijlj t.'W'lj .(j^alsSVl (jJ) Jiail (>» Ji 

(ji jj^.iVij .lj . •>jlS3 ■.'j UajJl tlillLiil ajjjli-4 AjjIu £»1 jii qa J<»C 

cj_Sj (j— 1c J — ns. JuuJI Jaj qa jjSl M.rotundata 

• Jajjl (Jlijl JjJ oJC tll).\tu\l pl.lVliul 

-! (.Ul -£ 2-*L {© £ JS - ki) M.rotundata ji O— jIj 

J—a-J £—* J_uJai1 ^.Ljkjn ^ J*cj M.sativa, Trifolium pratense 

* 

\ • • j—-t.i M.sativa ^ —It |pY,VX^ ,A) J£ ^4 J aim ml . Ji«x]l 

^fel. mi \ 1 —1 till j%^l Qtajju £~* Jjlij jjuljJl Jll ^lal£ ilil jkiaJ 3 W.1-V 

£_iij3 piUall (ji p° Y • Sjljc. 3 ^kjJj (> jXiuiA £ A,« • t) pjjll ^ jaLaa ajjJa 
4 — ■>jJ LvJic. V) JaLllJl (ji I Ay V J .oolj^yl Aic p YV J] 

. jU jVl tlrik.ilJ 3je.lw^-U ^l.nrtll J»iil lilli) CMj p° Yr ajljaJl 

« 

Cucumis sativus, Lotus comiculatus £j 23 M.rotundata J <1ujj 
J_aJ l^i Jakj V jjjB (_j-aliSSn CJ i i^li. Cll j j 

(j. Jll C U t-ijfkj (jj-yjfl qa 4,iC.\i>rfiH OljljLoyi jjlc. Jijll {JaC j 

(J—Ic J ;«j V J- ViH jV 1 jkjj • jIa jtyl £)A 4uil£ tillJXa*yl p$CJul <1 duel 
.ilUJl »j* ,j4 jil cA*i* ojla»} (jlc. J*e al£U, clijl C.sativus Jljji plv^.A 

Blow flies p^Df obi :Lu fj 

cr-4 J till—jljjJI f^ijA al jja jlA j^U »«!*£ (_j! iic. 

^•tLaj (J^kd (JjSj (j! t_l^J CjljklaJl aOA Jju JjljJ ^jli Jjx-uxaII ^jlaull ^lljyi 
jjjl ■ oil ai-J> J ijLoj JaSi k-vlH Ci* (Jjoutil (Jikj t. iM -yjj .ijaaS jljC.li 

.Eristalis spp. Jl* ij jil <alaJ diLuli iujj ji OVjla-4 C1J4I3J 

l_aijj4HS ^ ^oill t_ilp Jo«~i > n j qa Jjl 1 HYT pic Emswdler plUJI jlS 

Allium l—i!-Ik^aV (jJaliil £j£id!l JwuJl Jai j-* ^jml u jjSI Jaj tluay 

p—j pSiill (jA SaliS jjSI Cul£ L*£ I^-Ujj} pYxl (j^aliaVl tfi ce/?a 
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—* r'jj* (ji CuiAi. ( J£-i) A.cepa jU j\ u»jjj ^ 

. 3 'i ^ilb jl Ajl—i-audl-J i—-ll—jjJl ^_lc- aja.ui ■ j Vl•■ ■ j^aUsl 

,2_jIa jVl jsLaIA^I jiic, Alla. (ji Jais .ijl-uta/Jlj 1J 

t il -b ll i_!AaJ jliVl CjUjj iilLa-i ^/1 (JJJJJ (ji« <J£j)J V 3_ijl ^Xi. frljiJ *- A ft* In] 
' j 1 .* ^ 11 1 ^ 3 -v" ■» 3 . .->^11 ^5 j j <j Ai-qa 1 1 oAc-lSi 

— jahl l (_^aliii J] (. J^-ll 1AA ^ i_ibill (JiAjj .U-Ajill (_Jj^A tilLuJ ^Viw ni l j 

■ 'j (j -ft LaLoJ (JLi ^ AVtm i iH 1 _Aja 11 jji (j^ .ifiVlIi " ■ -i (Jai <iuu)ljj 

Lft£ 41ujJ (J-a*J JJiil j^lSUl 

£»lJ—ji 4 J) <— U - > l j ^,>1 jjj jjbkJl (jjj ^.-iAll sLvj 

Lucilia j Sarcophaga sp J—^ ^ aUi. a ^>:vlll i_jl_j j fjji A ill" ! < i 

(j^ull (°^ J^j) Sarcophaga sp. j ( 00 J^Ji) sericata 

^ .-k ciL_Sjj1i Iajjj ^ciu n jik j a*j 

jl_ Sj^I diljjj .^111 IAij AjAijll 

1 * » - u ■ ■■ j < i .. A '^ 4_i_obk A s.ls* i 

,o^i__iS 4jA*j A -vl > n^l IajjSjjj Axaluuall 

CLil_ 2 _ 3 jll iil-ftaJ frlo^ll SJ 

. jlk-aVl J “btSu^ftll ojl 3^11 Ci* 

4,bi (0 0 j£i) 

Lucilia sericata -Jl 



iilj—a-UJ J—jja ul l /j£Lai qC. i^lvJI ^ Ajjill! £ya j>Ljl V O Axj LlllijJ! Iajj 

jil i J.\n»iijj lUj 4j !»•■■ $ lc.j ri) i .iVi 

* / 

u _ j CslijJl ja*j .bjjij j-4*ll {>Jj ^ cbijll cjISjJI OJ& 

. jjajj jIa*11 (J-mijj 3II 


-UA- 




o* pi- ( o >\ j£i) 
Sarcophaga 


f V (_£—lc. 


Ale. 


j aJ AxJ ALoISII Q^>aJkll j* j A'l 
f (jlc- (_JjlAxil Aic.j 

(j_C-j . aA*J jibu (* 


^1-tO- 2 (J j'^' Oi 

\ tl ^r. JJ H A \ 4 ftV\A. 

.Cj3j tfl ^ ^LalSJI Cil^jiaJl ^gJc- 


oa_aSll (^—i ^j\a_c. ojiixo aj jjL» j^Asjj jU j$\ ^ A.cepa —1' Olii «,aj Ale. 
ill'J (JmC jlUic (jic, ijtirdl jU j^l {iljjl t J1 V (_1^ jjSjjj 

ml ©Xl o'j ojJ_i^a [jjalisi ^ (_JjlA*il <*it ihj 4Ajjls]i oA$i {JjAxj .Aa.°.1aH 

(J_iAl !a_jj A. cepa —51 J] Ajaj^ ^jjos c _ g j (Jioj *ulajAmS l^ia <J£j 

A _ Ij^iLa jjiil .(jjaiall J] (©Y JiiiJ j l ^r. aLKil 1 '2 j ,?;-■fl 

^AATitaj (_jiH <_llajil CjjjSjjuII ^jic. C)1 jjiaJl Cauj jaJll <■ _ ll l'l ll Ajjjj 3-^ fit 

^jl_^all _^joLaJl Lll9^]l (_ji ojj j^ia Aa.jj V 3 jjjx5I JjaII ^ij .L_0l£lil AjAxj ^ 

j_ jjj _ill jiL »<^a]l (JSLJ2 (Jjlls. .Aj i—ibill Aojjj qa lllUlaiil j\ 

aA A 4-ujall Cjlfrl^a.1 .(_£ jl Axil 1 jAuui Lj-olAVim^ jualil Cjlijj 

2_LlSil t*'ij.*->.11 All Iac. Laos aLUI (jjiii LuUnI jxjL-ojill 


ijj ~a.il AjAxjI (_iiaj jiui jl e.La3lj Aj^a jl o_^aaa. 

.^jlouil Aa3 JjJ aJ ^Si j^i jl l^Ijv^i i 
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l^ais) t-»4i £* jffliii JrJ-b J-eJl jlajf :(0V 

(j j ^3 jj£^ (jisa) (j* J*a»j LaJ e.le.jll £jj^ £*ij I—itcj 

{J *<» (JiutJj .lAj*i (JaSj ^jSI iuiSUll 013jJI jjij fllle jiljjl ojl jail 

^ 11 (Jj^Sl 0\3 jjS! jja i—ilS Ale tiljj ^le lilLawiVl ^xla 0 *j ^jII ^Iw-waH oiA 

i_j— aj ^jSijll (jj\ je- Aie 111 .IjJil ^t Sjjjixll ^yle .hql-ol (jjlie- 

tT.il ~y\ na.1 uiuilli (_$ jl j*ll (j* CLiSjj Cil£jjill (ill! JXa jUa£.l 

^j_S cllLajjbU ~ iaSwi^all i—ibi qa buLill ^tjj^lj .(JJjLxaII j! 

a—S kj5 tiLi .Phormia terranovae, Caltiphora yomitoria 

. jUjbU OU3LS «4 (j jLuJJ £-lj^ 

£_4 Oxj Lui <,. u>Vini ] (jjUJ) (Jjwi-\.aH jvaili <_jbi ^l^aawl CjbiSSj 3xj 

(j obj ja j Daucus carota _II otu tillo 'UiJ j-a <t j jil 


-\\ — 













jj—SjJ ja'sa jtjjAj Jjj ALSaII jUi jJ\ jj ojft j jS ji ■—Alla. Jj )Aa . 1; a a <A 

a— >i A jLa j^l - ^all l s_jljA rj Aa—~lj ^JSuJ-all oAA l. v\g i l l 

.3 j^aliaVl -laJj ^jAjAa. .AjljUaU ^OAaII j/i (j^alial J jiaiil <_)IjA 

OL-AjJ o jjlc- Aio 4 j£ 1£ jjij Jo <J_^_<aajl jSjy Ail -la. J J . AjUUiil jUaj 

^1 ji Jjla < * '.V.ot t_A jA jjAo vJjSja jll 4_WJa.ll jl&(j! Aajj (JS jaU 
13 A i. . l —to Jb JjjjSllj i_)jjS3t (Jjj-ala-a (^Ojl ja jo jUS . jjAj Jlu 

Cil- *i\ l i [j a 4ju<ala. jjAj ^liij ^rliiy jYl ^ia ^AjJa!! oAA oAjAO CjIjijJj 

(J_Vila 11 £t-Jill bjajS j^calial Jl (Ja 2 jl tJ-oiSj Ciljliill oAA t_£a .o_jl~ia o 

i— il_;J I_aS jl Aa.jj ^lAac. (JjgjjuJ ^alll i—AjA (JtaAj ( *_o <_jjO_ja jjilt 

j—o Of US JSi jlSj (J^aawll ^sjSIj J) JjuJI (Jaj j&ta {Jaa ojlijo CulS ^aJJI 
Ajjllo Ol-p <JSl t—j^iaJl j* ^.l^a. Y £ <_sjlaS]l (_$Aa.l dliic.1 i‘»a ,(_JjAiil 

^ _alH i-jbil SjjSwH jU Jl Jj lilJj j*-a-jJ AA .<_£ jJ! ^JUll jo ^1 ja, ^ ^ 

£, -o-ajJ ji© - J J^l J .^ul £ — X JS Jali (_JJJi ^ Jil l UlLu jUjbU 

£_uuj ft— ,fcj (j—a ^Jj 13 ^»Ul (_£ta. ^ujj 5XalS o jV^ jj 

^L_jI © —1) £ (j£ j'a JV' «=-^ £ ji* Y 0 cs^ c? J U-^W- 

r ts—^ Y t—lUill (jl <iaa^>La .(J^allll ^liia^l Jc- jJI J- 4 

(j_Slj L_iUili JAC oJU^j aIaJjj <—itS t^j Jj! (j^oUsVl J ^JjLuil 


- 4 _:jt- /. J, jAaJ 

jo SAo CjI jbiiJ duja.1 Brassica oleracea CiUbj A^jjp J 

^—jaii ^-s (JfdUJl ;jaJj J^ajt Jaij (Phormici lerrcmovae) ^aJ]l Joj Sf US 


‘"'it S Jali (jjjtfi LS^aj j3l o jWi^ilt Jj*it (ju<alia! ^Jta. J <jt Aa.jj .<_ijjSl! 

^_a J_aill dlVtiai CjuLoj (JlaUll (Jaj ji [JjoulU (Jai Jo lAa. o jiiu ^a 

Jaj .ojJpS JjAiJ <—ilS Jala. £u£3j ^alll <-ilj3 JaC-S jSJj { (j^aliaVl J JtaJI 
j_Sjj (J—all j'l > ^tajj jsaJil i-_iU3 jo (Jj,)* -4 Aalj Otii (j^xiiiU Aic 
CiljC jll oUliilt Lilu .Luljj JjUlal! < iii.^l! AJaUI Ajjjll Jata. J i—itS jlS 
(__wat—isVt cs^-3 ‘ i,m ^‘ ll " n ^ 4 lAql^. i'll iSi JaLoj Jai jj3j cJaol i— jUa jj-u 





^....Kla. jd") (JfJ-d! Jauj Jaij L_ibi — o j.uli! 

(.* ul — S lj] AjliJ (_$3 L_lbj Ji^aSU till} ^-aj . AljLayi jjiill (j-a Uilia S j 

VJ lLjSjII lift A^Ha UjSj V {Jj-aLill (Jau CiVb-di (j! u n% A-=Jo- lSIUa 

J lillj £-a_j .ftliill £alx] £ j^pdl cja^jll LllVUui ^ ojl _pdl A-a.jJ 

_5 oS _j=kjAlt alibbil! L>-» aLille. _jLi=>_a A^La. lilliA ,jj£j 1 <i '' ■ ' ■& (JjlulII (Jaj 

llul ^ lij A -i- ola . __p»V Cjba (_jj> Aj^po til^pjj (ji (jajll (j£xJ (JLu=l S(_pali^l 

A A_SIaJI ei& (ji (JikAll (_b >> i j La£ . ^ l n O « ,'p jp^|j 1 q l ' t 'p. A I, ^ rt L_jbbill 

. S i -L rt J < . u» \ . ' Ll ^idll <_lbi jji ji4j .(J 2 I Jji Jwa <—lUallj jJiiiuiyi ^ (Jr^ J 

b !u> Cll jxtLa AiLwa^U Aaa.lp.^1] lIijAjU j! a jjiu-ali (j-aliSVl (_j3 

.1 $ 1 a 5J J« ■> <?! jIjg! ^l. lr Ju xj ^jlajj '* aJaaml <■. Vj (JjIJaII a1_j£-uj 

gbffiB jji jOjjj .{j^alsaSn (_ji ^a . 11 1 <_ibj tiljiu fjs. Oha^b nil qa cJals Ja»jJ 

(j— a* SjaoS AiLa-o jUsi lil jl& jVl (iS lc. <-jbiil 5£ja»j ( _ s -bc etil ^ 

■ «a AjSj pJaw ujbill ^ wn*ol*n ailli <.l,Q-> lij j (jmaall l_£4jjj dibull An3 

.lIiLuI! gdiEij jlAjVl ^lc- ajljSluij (jA lilli [Jlbj jbs jVb ^LoAftl (Jj-lJ (J-aiall 

i ajlA jl —asIj 3 ( -> -. .. *> . 11 1 <bbi IgAi ^jjll (Jjj-oLa-all qa 
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